Constraining Effective Field Theories with Machine Learning by Brehmer, Johann et al.
Constraining Effective Field Theories with Machine Learning
Johann Brehmer,1 Kyle Cranmer,1 Gilles Louppe,2 and Juan Pavez3
1New York University, USA
2University of Liège, Belgium
3Federico Santa María Technical University, Chile
(Dated: 4th June 2018)
We present powerful new analysis techniques to constrain effective field theories at the LHC.
By leveraging the structure of particle physics processes, we extract extra information from
Monte-Carlo simulations, which can be used to train neural network models that estimate
the likelihood ratio. These methods scale well to processes with many observables and theory
parameters, do not require any approximations of the parton shower or detector response, and
can be evaluated in microseconds. We show that they allow us to put significantly stronger
bounds on dimension-six operators than existing methods, demonstrating their potential to
improve the precision of the LHC legacy constraints.
INTRODUCTION
Precision constraints on indirect signatures of physics beyond the Standard Model (SM) will be
an important part of the legacy of the Large Hadron Collider (LHC) experiments. A key component
of this program are limits on the dimension-six operators of the SM Effective Field Theory (SMEFT).
Processes relevant to these measurements are often sensitive to a large number of EFT coefficients,
which predict subtle kinematic signatures in high-dimensional phase spaces.
Traditionally, such signatures are analysed by focussing on a few hand-picked kinematic variables.
This approach discards any information in the remaining directions of phase space. Well-chosen
variables typically yield precise bounds along individual directions of the parameter space, but
only weak constraints in other directions [1, 2]. The sensitivity to multiple parameters can be
substantially improved by using the fully differential cross section. This is the forte of the Matrix
Element Method [3–17] and Optimal Observables [18–20] techniques, which are based on the parton-
level structure of a given process. But these methods either neglect or crudely approximate the
parton shower and detector response. Moreover, even a simplified description of the detector effects
requires the numerically expensive evaluation of complicated integrals for each observed event. None
of these established approaches scales well to high-dimensional problems with many parameters and
observables, such as the SMEFT measurements.
Recently, we have developed new techniques to constrain continuous theory parameters in LHC
experiments based on machine learning and neural networks. The companion publication [21] is
an extensive guide that thoroughly describes and compares a number of different techniques for
this problem. In addition, Ref. [22] presents the methods in a more abstract setting. Here we
want to highlight the key idea: by harnessing the structure of particle physics processes, we can
extract additional information from Monte-Carlo simulations that characterizes the dependence of
the likelihood on the theory parameters. This augmented data can be used to train neural networks
that precisely estimate likelihood ratios, the preferred test statistics for limit setting at the LHC. We
sketch two particularly useful algorithms based on these ideas and demonstrate their performance
in the example process of weak-boson-fusion Higgs production in the four-lepton decay mode.
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Learning likelihood ratios
Constraints on beyond-the-standard-model theories by the LHC experiments are typically based
on likelihood ratio tests, as they enjoy many optimal statistical properties. In particle physics
processes, the likelihood p(x|θ) of theory parameters θ given data x typically factorizes into a
parton-level process, which depends on the theory parameters, followed by the parton shower and
detector interactions:
p(x|θ) =
∫
dzdetector
∫
dzshower
∫
dz p(x|zdetector) p(zdetector|zshower) p(zshower|z) p(z|θ)︸ ︷︷ ︸
=p(x,zdetector,zshower,z|θ)
. (1)
Here p(z|θ) = 1/σ(θ) dσ(θ)/dz is the probability density of the parton-level momenta z conditional
on the theory parameters θ. The other conditional densities p(zshower|z), p(zdetector|zshower), and
p(x|zdetector) describe how parton-level four-momenta z evolve to reconstruction-level observables x
through the parton shower, detector effects, and the reconstruction procedure.
Simulators such as Pythia [23] and Geant4 [24] use Monte-Carlo techniques to sample from
these distributions. Each step of this chain only depends on the previous one. Our analysis techniques
will rely on this Markov property. The simulation of a single event can easily involve many millions
of random variables, it is infeasible to explicitly calculate the integral over this enormous space.
This is why the likelihood function and the likelihood ratio are intractable, i. e. they cannot be
evaluated for a given x and θ. We denote this intractability with red symbols. An optimal analysis
strategy thus requires a precise estimator of the likelihood ratio based on the available data from
the simulator.
Crucially, though, evaluating the density p(z|θ) of parton-level four-momenta is tractable: the
matrix element and the parton density functions can be evaluated for arbitrary four-momenta z and
parameter values θ. Matrix-element codes define functions that return the squared matrix element
for a given phase-space point z.
This property allows us to extract more information from the simulator than just the generated
samples of observables {x}: we can access the corresponding parton-level momenta {z} and extract
the joint likelihood ratio
r(x, z|θ0, θ1) ≡ p(x, zdetector, zshower, z|θ0)
p(x, zdetector, zshower, z|θ1)
=
p(x|zdetector)
p(x|zdetector)
p(zdetector|zshower)
p(zdetector|zshower)
p(zshower|z)
p(zshower|z)
p(z|θ0)
p(z|θ1) =
p(z|θ0)
p(z|θ1) , (2)
as well as the joint score
t(x, z|θ0) ≡ ∇θ log p(x, zdetector, zshower, z|θ)
∣∣∣∣∣
θ0
=
∇θp(z|θ)
p(z|θ)
∣∣∣∣∣
θ0
, (3)
which describes the relative gradient of the likelihood with respect to theory parameters. Because
all intractable parts of the likelihood cancel in the ratio, this step does not require any assumptions
or approximations about shower and detector.
These joint quantities r(x, z|θ0, θ1) and t(x, z|θ0) depend on the parton-level momenta z, which
are of course not available for measured data. Their connection to the likelihood ratio r(x|θ0, θ1)
that we are interested in is not obvious (essentially because the integral of the ratio is not the ratio
3Simulation Machine Learning Inference
xz
<latexit sha1_base64="HjZ6RxRDdZu139wdkhmGLAXlGyY=">AAAoEHicpVpbc9vGFWbSW6q4TdI+5mVdxbHlgDQBUbacjDJu LpN2Jm4cW3bSCpJmASyJHeLmxUImhaI/otMf07dOX/sP+tbH/oe+9JxdkMSV0jj0GAR2v/Ods2fPnj0LykkCnsrx+N9vvPmjH//kpz976+c7b9/4xS/fefe9X71I40y47LkbB7H43qEpC3jEnksuA/Z9IhgNnYB958w/x/7vLphIeRwdy2XCTkM6i/iUu1RC0/l7b/ /NdtiMR7nk88uEuzITrDg53SHExpZULgOWu3EUMRcFiqOT1I+FZBH59MhMpCF97s4N4gn66sgJqDu/+WBskGH+6Unq0oAdmaeFQaLYY8SDwdDIZUd2FAV0CTaxpKFnmkXdWmAES7JSRVOfJFRKJqKjPI7IfiJJPJ0SK5HFdksa6iKWCaUMZQyXCzdg5YCmPAiOXvlc MiPkEQ+zkKT8UtmOg8H7BtmCrOn0TdUUg2wIG3LSZ5L2yHpUzIdOkLFSfv180xzf7CLzueeB07ZY0vQ4j2jwmpYvSEAdFhTkiJxItpDaPMG8bqMa4H5rulhngrGo03NdaHTR6Q6gbxEFQrlpDMvC9Ykd0ZCRe8ReEh6RfGyMRiPDLBCCM3tSnY9Tckc9DpXQHqGS3B kblhuSIYi74R7Ji0+UmsWVKqyNisWGflGnHpoNbkXuxAuWojROywnGP/OMcjnU4wQYh+PRfWM8muyR4RAomw/W6L5+GLafEPhJt54V8XB/JdHxtFY07HpEbDkg37zSXZONu2pBDYb4ZtVplWxiEHN0QNCDZONCUqq0fpBKq6rSultV2qFTqwzimVgzVhcaEGKfJtuv kRHw1UGNJTWIgEkg+NBJJYdjzTSpM1lrB/RLmp2S5pWSaadcxfZ+UdEtalUn63O93+jFC55txIve/FrLd90P+Vm25hV2DP9ks5FtlrZm2yPMmzEdXCi/17RlcQ07rNeyY3FtG3wTjbBG262YvJYVqLRhhrUyo2GFBVasgvsqMzoUWU1FajE0x4qNoKcMfxVOimtVI6 wXkeZIVebajhHXwOBqKqN3O8xsumUVrN226mAba/kTh0UeCdhUHpnjcgl3m6bFzJaYNT6tGfFbKEsklayy7irb46lackO14uARVhyB/DCyDnTC+sBW2PPxB7WFu9giPDQ30ou6WHW717L7o3aeKFPmhlTZAS4mtk9lLooPOpJIhbOWP8hHVaa1AkWJbCmyvTaZVaX6Y YaVG9SaTWo2G+a1VoCfv7s7Ho3Vh7RvzPJm9xH59r//GQwGT87fe9+1vdjNQhZJN6BpemKOE3maUyE5VLXFjp2BAVBxUQgjuMXNLD3N1fmhILegxSOwlOF/JIlqrUrkNEzTZegAMoQATZt92NjVd5LJ6eFpzqMkg1re1YqmWUBkTPAwAmcCAUsnWMINdQUHW4nrU0F dKO7rWpRNxkIbvLODyw7uUrA1SuFgAcMmr7iEg0EQS5D0GEwMU+h8VZYWuZg5RT4eHRroS7yYh+P9h5Z5cP/wvvVgcgD7SFsS66q16Hgteg1JVbTWRasy44fAofiKnVtt6VjQaLbSbGrx+5MH44PDQ2v/wHo4Mc3DUvoK4XLEkxLdNXuGl+LUG3gv4zhIaxGTpzyLu FzUG2eCJlAbNlrDLJBcxK8MJ47nkjqpAZcsoGJhTIOYynoootKjKBYhDdSZKk8zZ8pnDe2BLkUdQeesTpBP2TIKkyHNZFxnTuH8+KEbh3AaTiHSIyod7gDkCSyObxJMr+lx/KRk8ZeJz6K0yDMRFFWWxJvCscKAnIYn7Hlq4FX5+agSHQZx4XhUbdZTbxDgqzZjFCr HhPCUxgmLFKGM3SMaBKdoBxOCTetjZFEWAn8I60ctUugSQz3lHgHfBkzWFwt4vOGOnLourJF0RWH7kH7qMpB+6iKLFO4YSqibFPd2cGhII0+rQ5GAw6yIJSQamHPYrD1wg1DvFtIRDpJHM2jVvaMQdhm1eL9iEROQNzEJAI8E1I4dsVclfW5jDGJsFCfmKTzByS518 12zKOowuE8gXahILHLYPQVk5QSMd6AqmdsOn6VzntTaophHsD/JBhPEJ7/AudAafZiE3Jcy+fjePdU1isXsHkTzPTBCGyQlDPp7fvExmtVgwxu2sh7cMIMUSEVup9MpDXmwtFPIdonEkFdczUSlKSuOwuwLq5LU1fCwQHrpizDnTRs8Pp1uur1mN5sVec5GtjEbFX9p 9HHIHDmHPtbuYy8zfkEDHB2Mh4fspTL0jxAfUUxCunRYXWDJEkDC6oKNDY1B7zRTJBSKrs9ctSxazoQY8uJpP4dO0EBBU9kShqln/aLK2eqlAmyHpcufqWCvs7x8+TKjALXVN9FfRQuzBq1QPbANbg3USFD/xF+m3E1XM14XhgGsYkr6Lg3yx8W5CqCOtYEDr2G/Kc 47YMFM1GFfb6EUXpPSxnL0zq5pCz7z5V5DwBGbCPzsaZMuTCCG6nODV2eaJ8X58ZleZnnIU5yaljBrCn95pQxsV+nLQn2f2R6dzRhkQnhowKBGgXB7dl6S4ZMOjeewCTZmhF2oZZCzF62wXXXN233hqu9xu2+26vuq3SdXfcftvqmju+C7uZw3XWf5sJ2tkrI7aUtu ulaS4IYvoOAS3MlUlifN9YZ7eXFiVaLkD4V9E/6VkULsEE4IAfsz2bXIOmyQlgnILJJfQCoBLrXXZHCoiUXD54nHhNYwhVKRqLwvOWRJiNjqk9VyX1MQc2QppW/bIp0yZ1ZVKgexs5bktCXIAjiQlXL63tIO/SwOvO4FDy2eOpzVY52oDi2R69Nba1YREWVFvxh0do iwJOVBHG2Ru6BiBeqQXzQkyxW96MJedmMvu7DLbuyyC3vRjb3owspurOy0l4m4Gz7WE/mYST/2GnPoUigq10XM5/hkl7VVHSjiQGyAT/GpG5hCsbjcIJ+px34oj+I6GBu64S7FH0uq1qrnHnsb4KcNsNpMmYu/NpEYglR0x7gKXyx6y9tV3sWmVkKKJJ4OqRM0qgqS dxZSyTYGcR0GsY0hvQ5Duo1BXoehXdZUGC6vw/CnFkMQw1yFMSSia/lxNSlKTG+tML2/jySD4rs5o2AdpgH4IvZNopPkwv6kPYZFIqDyakFvd2J5C3fOO4HzNnDeBZzStpk6hyG6Bb9sYi97SFtAnTw6bW1hF8Q2qvwtESimGGvafbbf7eBpnIkWdtKPXbaxyz5s03 TAdnsEbUihKgi6DDH6hlidxerWu0/msIPeseyE753tF30a+8QnVfFJp7hSn/SqT66jvk98UhXvVq/Ee/yVkHtkJaxcd4u8YC6WSKpkghUseOv0Il/FF8zVtYj+sT9RwMXd4sQ9JViS2aoYw9eQ665mIYROUTT7V9HAdX8rF45QUU2uQ6Wuk+3WlYyim1Jck7LlNnXe6 jfyQyDUfB9eaaHyn+J7uJUPL/vaPLg7wMt9Ze4DvD3Ey8PtipTZWz3xOnaLbsPFDzIcwvfrOFLHMIeKxmHzggloLA+ccyYifHseZqoD/9ylbB2qVjiBVp6KqoA+XMQZ7JVEvfUCLQGLZnjexNdgPsMzSGPY2KFU39oh8LHxLVWskTWp+vEV3+mrdzelFPU8GXfoyof j0f4BZPESh3L2ReLTSMYhFFZZwHITT8dVoRUYUkNa1aUrT9y74cgvyvPSF8wNoKjC5m/KVphLqHjgf0/vMfQe9/Z6nM6KXF17EE8ZFoNPWV//k5hDvaSuPQg3hsodLz39cPIocrz09LMFlJtSvX0s3zs4Tv5l0Qf/7GmBbyV6en23yP2RbbijbsRdfGk4Cylsr/BtG 3i3DcijFRDuenQKFmTowq+f9yGCeAanbw62re/6lD5+9mWR46UPIEXIKFglQxVCx3x+qX5KqPyRUz4ePThww2LVvvphK7dqjfr3rSbYiYWn0eoPAyrti9TnUwnNika3B2lFqbXBl+1Mb4moo92FP3G0W2HIM1hHlY61+a1G/Sa6Oi7saIzr/N1ds/kjXPvmhTUyxyP z2/Huo0cD/Xlr8P7gN4M7A3PwYPBo8LvBk8Hzgfv2/27cvHH3xke3/3r777f/cfufGvrmG6XMrwe1z+1//R+6gFM9</latexit><latexit sha1_base64="N0otbztN+sjGy9xqdVKMRIGUlNA=">AAAoEHicpVrdctvGFVbSn6SK2ybtZW7WVRxbDkgTEGXLySjj 5mfSzsSNY8tOWkLSLIAlsUP8ebGQSaHoQ3T6ML3r9LZv0Bfo9B1603N2QRK/lMahxyCw+53vnD179uxZUE4S8FSORv9+480f/fgnP33r7Z/tvnPj57/45bvv/epFGmfCZc/dOIjF9w5NWcAj9lxyGbDvE8Fo6ATsO2f+OfZ/d8FEyuPoRC4TdhrSWcSn3KUSms7fe+ dvtsNmPMoln18m3JWZYMXkdJcQG1tSuQxY7sZRxFwUKI4nqR8LySLy6bGZSEP63J0bxBP01bETUHd+88HIIIP800nq0oAdm6eFQaLYY8SDwdDIZcd2FAV0CTaxpKFnmkXdWmAES7JSRVOfJFRKJqLjPI7IQSJJPJ0SK5HFdksa6iKWCaUMZQyXCzdg5YCmPAiOX/lc MiPkEQ+zkKT8UtmOg8H7BtmCrOn0TdUUg2wIG3LSZ5L2yHpUzAdOkLFSfv180xzd7CLzueeB07ZY0vQ4j2jwmpYvSEAdFhTkmEwkW0htnmBet1ENcL81XawzwVjU6bkuNLrodBfQt4gCodw0hmXh+sSOaMjIPWIvCY9IPjKGw6FhFgjBmZ1U5+OU3FGPAyW0T6gkd0 aG5YZkAOJuuE/y4hOlZnGlCmujYrGhX9SpB2aDW5E78YKlKI3TMsH4Z55RLod6nADjYDS8b4yG430yGABl88Ea3tcPg/YTAj/p1rMiHhysJDqe1ooGXY+ILQfkm1e6a7xxVy2owRDfrDqtkk0MYg4PCXqQbFxISpXWD1JpVVVad6tKO3RqlUE8E2vG6kIDQuzTZAc1 MgK+OqyxpAYRMAkEHzqp5GCkmcZ1JmvtgH5Js1PSvFIy7ZSr2N4vKrpFrepkfa73G714wbONeNGbX2v5rvshP8vWvMKO4U82G9lmaWu2fcK8GdPBhfL7TVsW17DDei07Fte2wTfRCGu43Yrxa1mBShtmWCszGlZYYMUquK8yo0OR1VSkFkNzrNgIesrwV+GkuFY1wn oRaY5UZa7tGHENDK6mMnq3w8ymW1bB2m2rDraRlp84LPJIwKby2ByVS7jbNC1mtsSs0WnNiN9CWSKpZJV1V9keT9WSG6gVB4+w4gjkh6F1qBPWB7bCno8+qC3cxRbhgbmRXtTFqtu9lj0YtvNEmTI3pMoOcDGxfSpzUXzQkUQqnLX8QT6qMq0VKEpkS5HttcmsKtUPM 6zcoNZsUrPZMK+1Avz83b3RcKQ+pH1jljd7j8i3//3P228dPjl/733X9mI3C1kk3YCm6cQcJfI0p0JyqGqLXTsDA6DiohBGcIubWXqaq/NDQW5Bi0dgKcP/SBLVWpXIaZimy9ABZAgBmjb7sLGrb5LJ6dFpzqMkg1re1YqmWUBkTPAwAmcCAUsnWMINdQUHW4nrU0F dKO7rWpRNxkIbvLuLyw7uUrA1SuFgAcMmr7iEg0EQS5D0GEwMU+h8VZYWuZg5RT4aHhnoS7yYR6ODh5Z5eP/ovvVgfAj7SFsS66q16Ggteg1JVbTWRasyo4fAofiK3Vtt6VjQaLbSbGrx++MHo8OjI+vg0Ho4Ns2jUvoK4XLE4xLdNXuGl+LUG3gv4zhIaxGTpzyLu FzUG2eCJlAbNlrDLJBcxK8MJ47nkjqpAZcsoGJhTIOYynoootLjKBYhDdSZKk8zZ8pnDe2BLkUdQeesTpBP2TIKkwHNZFxnTuH8+KEbh3AaTiHSIyod7gDkCSyObxJMr+lJ/KRk8ZeJz6K0yDMRFFWWxJvCscKAnIYn7Hlq4FX5+bgSHQZx4XhUbdZTbxDgqzZjFCr HhPCUxgmLFKGM3WMaBKdoBxOCTetjZFEWAn8I60ctUugSAz3lHgHfBkzWFwt4vOGOnLourJF0RWH7kH7qMpB+6iKLFO4YSqibFPd2cGhII0+rQ5GAw6yIJSQamHPYrD1wg1DvFtIhDpJHM2jVvcMQdhm1eL9iEROQNzEJAI8E1K4dsVclfW5jDGJsFBPzFJ7gZJe6+ Z5ZFHUY3CeQLlQkFjnsngKycgLGO1CVzG2Hz9I5T2ptUcwj2J9kgwnik1/gXGiNPkxC7kuZfHzvnuoaxmJ2D6L5HhihDZISBv09v/gYzWqw4Q1bWQ9umEEKpCK30+mUhjxY2ilku0RiyCuuZqLSlBVHYfaFVUnqanhYIL30RZjzpg0en0433V6zm82KPGdD25gNi780 +jhkjpxDH2v3sZcZv6ABjg7Gw0P2Uhn6R4iPKCYhXTqsLrBkCSBhdcHGhsagd5opEgpF12euWhYtZ0IMefG0n0MnaKCgqWwJw9SzflHlbPVSAbbD0uXPVLDXWV6+fJlRgNrqm+ivooVZg1aoHtgGtwZqJKh/4i9T7qarGa8LwwBWMSV9lwb54+JcBVDH2sCB17DfFO cdsGAm6rCvt1AKr0lpYzl6Z8+0BZ/5cr8h4IhNBH72tEkXJhBD9bnBqzPNk+L85EwvszzkKU5NS5g1hb+8Uga2q/Rlob7PbI/OZgwyITw0YFCjQLg9Oy/J8EmHxnPYBBszwi7UMsjZi1bYrrrm7b5w1fe43Tdb9X3V7pOrvpN239TRXfDdXM6brrN80M5WSdmdtCU3 XStJcMMXUHAJ7mQqy5PmesO9vJhYlSj5Q2HfhH9lpBA7hBNCwP5M9iyyDhukZQIyi+QXkEqAS+01GRxqYtHweeIxoTVMoVQkKu9LDlkSIrb6ZLXc1xTEHFlK6du2SKfMmVWVykHsrCU5bQmyAA5kpZy+t7RDP4sDr3vBQ4unDmf1WCeqQ0vk+vTWmlVERFnRLwadHS IsSXkQR1vkLqhYgTrkFw3JckUvurCX3djLLuyyG7vswl50Yy+6sLIbKzvtZSLuho/0RD5m0o+9xhy6FIrKdRHzOT7ZZW1VB4o4EBvgU3zqBqZQLC43yGfqsR/Ko7gOxoZuuEvxx5Kqteq5x94G+GkDrDZT5uKvTSSGIBXdMa7CF4ve8naVd7GplZAiiadD6gSNqoLk nYVUso1BXIdBbGNIr8OQbmOQ12FolzUVhsvrMPypxRDEMFdhDInoWn5cTYoS01srTO/vI8mg+G7OKFiHaQC+iH2T6CS5sD9pj2GRCKi8WtDbnVjewp3zTuC8DZx3Aae0babOYYhuwS+b2Mse0hZQJ49OW1vYBbGNKn9LBIopxpp2nx10O3gaZ6KFHfdjl23ssg/bNB 2w3R5BG1KoCoIuQ4y+IVZnsbr1HpA57KB3LDvh+2cHRZ/GPvFxVXzcKa7UJ73qk+uo7xMfV8W71SvxHn8l5B5ZCSvX3SIvmIslkiqZYAUL3jq9yFfxBXN1LaJ/7E8UcHG3mLinBEsyWxVj+Bpy3dUshNApiubgKhq4HmzlwhEqqvF1qNR1vN26klF0U4prUrbcps5b/ UZ+CISa78MrLVT+U3wPt/Lh5UCbB3eHeLmvzH2At0d4ebhdkTJ7qydex27Rbbj4QYZD+H4dR+oY5lDROGxeMAGN5YFzzkSEb8/DTHXgn7uUrQPVCifQylNRFdCHiziDvZKot16gJWDRDM+b+BrMZ3gGaQwbO5TqW7sEPja+pYo1siZVP77iO3317qaUop4n4w5d+WA 0PDiELF7iUM6+SHwayTiEwioLWG7i6bgqtAJDakirunTliXs3HPlFeV76grkBFFXY/E3ZCnMJFQ/87+k9gd6T3l6P01mRq2sP4inDYvAp6+t/EnOol9S1B+HGULnjpacfTh5FjpeefraAclOqt4/lewfHyb8s+uCfPS3wrURPr+8WuT+0DXfYjbiLLw1nIYXtFb5tA ++2AXm0AsJdj07Bggxd+PXzPkQQz+D0zcG29V2f0sfPvixyvPQBpAgZBatkqELohM8v1U8JlT9yykfDB4duWKzaVz9s5VatUf++1QQ7sfA0Wv1hQKV9kfp8KqFZ0ej2IK0otTb4sp3pLRF1tLvwJ452Kwx5Buuo0rE2v9Wo30RXx4UdjXGdv7tnNn+Ea9+8sIbmaGh +O9p79GhHf97eeX/nNzt3dsydBzuPdn6382Tn+Y77zv9u3Lxx98ZHt/96+++3/3H7nxr65hulzK93ap/b//o/y+dThw==</latexit><latexit sha1_base64="N0otbztN+sjGy9xqdVKMRIGUlNA=">AAAoEHicpVrdctvGFVbSn6SK2ybtZW7WVRxbDkgTEGXLySjj 5mfSzsSNY8tOWkLSLIAlsUP8ebGQSaHoQ3T6ML3r9LZv0Bfo9B1603N2QRK/lMahxyCw+53vnD179uxZUE4S8FSORv9+480f/fgnP33r7Z/tvnPj57/45bvv/epFGmfCZc/dOIjF9w5NWcAj9lxyGbDvE8Fo6ATsO2f+OfZ/d8FEyuPoRC4TdhrSWcSn3KUSms7fe+ dvtsNmPMoln18m3JWZYMXkdJcQG1tSuQxY7sZRxFwUKI4nqR8LySLy6bGZSEP63J0bxBP01bETUHd+88HIIIP800nq0oAdm6eFQaLYY8SDwdDIZcd2FAV0CTaxpKFnmkXdWmAES7JSRVOfJFRKJqLjPI7IQSJJPJ0SK5HFdksa6iKWCaUMZQyXCzdg5YCmPAiOX/lc MiPkEQ+zkKT8UtmOg8H7BtmCrOn0TdUUg2wIG3LSZ5L2yHpUzAdOkLFSfv180xzd7CLzueeB07ZY0vQ4j2jwmpYvSEAdFhTkmEwkW0htnmBet1ENcL81XawzwVjU6bkuNLrodBfQt4gCodw0hmXh+sSOaMjIPWIvCY9IPjKGw6FhFgjBmZ1U5+OU3FGPAyW0T6gkd0 aG5YZkAOJuuE/y4hOlZnGlCmujYrGhX9SpB2aDW5E78YKlKI3TMsH4Z55RLod6nADjYDS8b4yG430yGABl88Ea3tcPg/YTAj/p1rMiHhysJDqe1ooGXY+ILQfkm1e6a7xxVy2owRDfrDqtkk0MYg4PCXqQbFxISpXWD1JpVVVad6tKO3RqlUE8E2vG6kIDQuzTZAc1 MgK+OqyxpAYRMAkEHzqp5GCkmcZ1JmvtgH5Js1PSvFIy7ZSr2N4vKrpFrepkfa73G714wbONeNGbX2v5rvshP8vWvMKO4U82G9lmaWu2fcK8GdPBhfL7TVsW17DDei07Fte2wTfRCGu43Yrxa1mBShtmWCszGlZYYMUquK8yo0OR1VSkFkNzrNgIesrwV+GkuFY1wn oRaY5UZa7tGHENDK6mMnq3w8ymW1bB2m2rDraRlp84LPJIwKby2ByVS7jbNC1mtsSs0WnNiN9CWSKpZJV1V9keT9WSG6gVB4+w4gjkh6F1qBPWB7bCno8+qC3cxRbhgbmRXtTFqtu9lj0YtvNEmTI3pMoOcDGxfSpzUXzQkUQqnLX8QT6qMq0VKEpkS5HttcmsKtUPM 6zcoNZsUrPZMK+1Avz83b3RcKQ+pH1jljd7j8i3//3P228dPjl/733X9mI3C1kk3YCm6cQcJfI0p0JyqGqLXTsDA6DiohBGcIubWXqaq/NDQW5Bi0dgKcP/SBLVWpXIaZimy9ABZAgBmjb7sLGrb5LJ6dFpzqMkg1re1YqmWUBkTPAwAmcCAUsnWMINdQUHW4nrU0F dKO7rWpRNxkIbvLuLyw7uUrA1SuFgAcMmr7iEg0EQS5D0GEwMU+h8VZYWuZg5RT4aHhnoS7yYR6ODh5Z5eP/ovvVgfAj7SFsS66q16Ggteg1JVbTWRasyo4fAofiK3Vtt6VjQaLbSbGrx++MHo8OjI+vg0Ho4Ns2jUvoK4XLE4xLdNXuGl+LUG3gv4zhIaxGTpzyLu FzUG2eCJlAbNlrDLJBcxK8MJ47nkjqpAZcsoGJhTIOYynoootLjKBYhDdSZKk8zZ8pnDe2BLkUdQeesTpBP2TIKkwHNZFxnTuH8+KEbh3AaTiHSIyod7gDkCSyObxJMr+lJ/KRk8ZeJz6K0yDMRFFWWxJvCscKAnIYn7Hlq4FX5+bgSHQZx4XhUbdZTbxDgqzZjFCr HhPCUxgmLFKGM3WMaBKdoBxOCTetjZFEWAn8I60ctUugSAz3lHgHfBkzWFwt4vOGOnLourJF0RWH7kH7qMpB+6iKLFO4YSqibFPd2cGhII0+rQ5GAw6yIJSQamHPYrD1wg1DvFtIhDpJHM2jVvcMQdhm1eL9iEROQNzEJAI8E1K4dsVclfW5jDGJsFBPzFJ7gZJe6+ Z5ZFHUY3CeQLlQkFjnsngKycgLGO1CVzG2Hz9I5T2ptUcwj2J9kgwnik1/gXGiNPkxC7kuZfHzvnuoaxmJ2D6L5HhihDZISBv09v/gYzWqw4Q1bWQ9umEEKpCK30+mUhjxY2ilku0RiyCuuZqLSlBVHYfaFVUnqanhYIL30RZjzpg0en0433V6zm82KPGdD25gNi780 +jhkjpxDH2v3sZcZv6ABjg7Gw0P2Uhn6R4iPKCYhXTqsLrBkCSBhdcHGhsagd5opEgpF12euWhYtZ0IMefG0n0MnaKCgqWwJw9SzflHlbPVSAbbD0uXPVLDXWV6+fJlRgNrqm+ivooVZg1aoHtgGtwZqJKh/4i9T7qarGa8LwwBWMSV9lwb54+JcBVDH2sCB17DfFO cdsGAm6rCvt1AKr0lpYzl6Z8+0BZ/5cr8h4IhNBH72tEkXJhBD9bnBqzPNk+L85EwvszzkKU5NS5g1hb+8Uga2q/Rlob7PbI/OZgwyITw0YFCjQLg9Oy/J8EmHxnPYBBszwi7UMsjZi1bYrrrm7b5w1fe43Tdb9X3V7pOrvpN239TRXfDdXM6brrN80M5WSdmdtCU3 XStJcMMXUHAJ7mQqy5PmesO9vJhYlSj5Q2HfhH9lpBA7hBNCwP5M9iyyDhukZQIyi+QXkEqAS+01GRxqYtHweeIxoTVMoVQkKu9LDlkSIrb6ZLXc1xTEHFlK6du2SKfMmVWVykHsrCU5bQmyAA5kpZy+t7RDP4sDr3vBQ4unDmf1WCeqQ0vk+vTWmlVERFnRLwadHS IsSXkQR1vkLqhYgTrkFw3JckUvurCX3djLLuyyG7vswl50Yy+6sLIbKzvtZSLuho/0RD5m0o+9xhy6FIrKdRHzOT7ZZW1VB4o4EBvgU3zqBqZQLC43yGfqsR/Ko7gOxoZuuEvxx5Kqteq5x94G+GkDrDZT5uKvTSSGIBXdMa7CF4ve8naVd7GplZAiiadD6gSNqoLk nYVUso1BXIdBbGNIr8OQbmOQ12FolzUVhsvrMPypxRDEMFdhDInoWn5cTYoS01srTO/vI8mg+G7OKFiHaQC+iH2T6CS5sD9pj2GRCKi8WtDbnVjewp3zTuC8DZx3Aae0babOYYhuwS+b2Mse0hZQJ49OW1vYBbGNKn9LBIopxpp2nx10O3gaZ6KFHfdjl23ssg/bNB 2w3R5BG1KoCoIuQ4y+IVZnsbr1HpA57KB3LDvh+2cHRZ/GPvFxVXzcKa7UJ73qk+uo7xMfV8W71SvxHn8l5B5ZCSvX3SIvmIslkiqZYAUL3jq9yFfxBXN1LaJ/7E8UcHG3mLinBEsyWxVj+Bpy3dUshNApiubgKhq4HmzlwhEqqvF1qNR1vN26klF0U4prUrbcps5b/ UZ+CISa78MrLVT+U3wPt/Lh5UCbB3eHeLmvzH2At0d4ebhdkTJ7qydex27Rbbj4QYZD+H4dR+oY5lDROGxeMAGN5YFzzkSEb8/DTHXgn7uUrQPVCifQylNRFdCHiziDvZKot16gJWDRDM+b+BrMZ3gGaQwbO5TqW7sEPja+pYo1siZVP77iO3317qaUop4n4w5d+WA 0PDiELF7iUM6+SHwayTiEwioLWG7i6bgqtAJDakirunTliXs3HPlFeV76grkBFFXY/E3ZCnMJFQ/87+k9gd6T3l6P01mRq2sP4inDYvAp6+t/EnOol9S1B+HGULnjpacfTh5FjpeefraAclOqt4/lewfHyb8s+uCfPS3wrURPr+8WuT+0DXfYjbiLLw1nIYXtFb5tA ++2AXm0AsJdj07Bggxd+PXzPkQQz+D0zcG29V2f0sfPvixyvPQBpAgZBatkqELohM8v1U8JlT9yykfDB4duWKzaVz9s5VatUf++1QQ7sfA0Wv1hQKV9kfp8KqFZ0ej2IK0otTb4sp3pLRF1tLvwJ452Kwx5Buuo0rE2v9Wo30RXx4UdjXGdv7tnNn+Ea9+8sIbmaGh +O9p79GhHf97eeX/nNzt3dsydBzuPdn6382Tn+Y77zv9u3Lxx98ZHt/96+++3/3H7nxr65hulzK93ap/b//o/y+dThw==</latexit><latexit sha1_base64="KGKYmyKWjUVupNzZY8DVUShrvqU=">AAAoEHicpVrbctzGEaWdm0MriZ08+mUUWtbF2NUCXEqUXXQ5 vpSTKitSJEp2QpCsATC7mFrcNBhQu0SQj0jlY/KWymv+IN+Sl3TPALu4LlnyqoQFZk6f7unp6enB0kkCnsrJ5L9vvf2jH//kpz975+e77974xS9/9d77v36Zxplw2Qs3DmLxvUNTFvCIvZBcBuz7RDAaOgH7zll8if3fXTCR8jg6lquEnYZ0HvEZd6mEpvP33/2H7b A5j3LJF5cJd2UmWHFyukuIjS2pXAUsd+MoYi4KFEcnqR8LySLy2ZGZSEP63F0YxBP09ZETUHdx8+HEIKP8s5PUpQE7Mk8Lg0Sxx4gHg6GRy47sKAroCmxiSUvPLIv6tcAIVqRSRVOfJFRKJqKjPI7IfiJJPJsRK5HFdkta6iKWCaUMZQyXCzdg5YBmPAiOXvtcMiPk EQ+zkKT8UtmOg8H7FtmSrOn0Td0Ug2wIW3LSZ5IOyHpULEZOkLFSfv1805zc7CPzueeB07ZY0vY4j2jwhpYvSUAdFhTkiJxItpTaPMG8fqNa4GFr+ljngrGo13N9aHTR6S6gbxEFQrlZDMvC9Ykd0ZCR+8ReER6RfGKMx2PDLBCCM3tSn49Tckc9jpTQXUIluTMxLD ckIxB3w7skLz5VapZXqrA2KpYb+mWTemS2uBW5Ey9ZitI4LScY/8wzyuXQjBNgHE3GD4zJeHqXjEZA2X6wxg/0w6j7hMBP+/VUxKP9SqLnaa1o1PeI2HJAvnmlu6YbdzWCGgzxzbrTatnEIOb4gKAHycaFpFRp/SCVVl2lda+utEenVhnEc7FmrC80IMQ+TbbfICPg q4MGS2oQAZNA8KGXSo4mmmnaZLLWDhiWNHslzSsl0165mu3DoqJf1KpP1pd6v9GLFzzbihe9+XWW77of8rPszCvsGP7JZiPbLG3Ndpcwb850cKH83bYty2vYYb2RHctr2+CbaIQ13m7F9I2sQKUtM6zKjJYVFlhRBfdVZvQostqK1GJojxUbQU8Z/iqcFFdVI6wXke ZIVebajhHXwOBqKqN3O8xsu6UK1n5bdbBNtPyJwyKPBGwmj8xJuYT7TdNiZkfMmpw2jPgdlCWSSlZbd7Xt8VQtuZFacfAIK45AfhhbBzphfWgr7Pnkw8bCXW4RHpkb6WVTrL7da9n9cTdPlClzQ6rsABcT26cyF8WHPUmkxtnIH+TjOtNagaJEthTZ3pjMqlP9MMPKD WrNJjWbDfPaKMDP39ubjCfqQ7o3Znmzt1N+np6//4Fre7GbhSySbkDT9MScJPI0p0JyqGqLXTsDA6DiohBGcIubWXqaq/NDQW5Bi0dgKcP/SBLVWpfIaZimq9ABZAgBmrb7sLGv7ySTs8PTnEdJBrW8qxXNsoDImOBhBM4EApZOsIIb6goOthLXp4K6UNw3tSibjKU 2eHcXlx3cpWBrlMLBAoZNXnMJB4MgliDpMZgYptB5VZYWuZg7RT4ZHxroS7yYh5P9R5Z58ODwgfVwegD7SFcS66q16GQteg1JVbQ2Resyk0fAofiK3Vtd6VjQaF5pNrX4g+nDycHhobV/YD2amuZhKX2FcDniaYnumz3DS3HqDbyXcRykjYjJU55FXC6bjXNBE6gNW 61hFkgu4teGE8cLSZ3UgEsWULE0ZkFMZTMUUelRFIuQBupMlaeZM+PzlvZAl6KOoAvWJMhnbBWFyYhmMm4yp3B+/MiNQzgNpxDpEZUOdwDyFBbHkwTTa3ocPy1Z/FXisygt8kwERZ0l8WZwrDAgp+EJe5EaeFV+PqpFh0FcOB7Vm/XUGwT46s0YhcoxITylccIiRSh j94gGwSnawYRgs+YYWZSFwB/C+lGLFLrESE+5R8C3AZPNxQIeb7kjp64LayStKGwf0k9TBtJPU2SZwh1DCXWT4t4ODg1p5Gl1KBJwmBWxgkQDcw6btQduEOrdQjrGQfJoDq26dxzCLqMW7zcsYgLyJiYB4JGA2rUj9rqkz22MQYyN4sQ8hSc42aVuvmcWRRMG9wmkC xWJRQ67p4CsnIDxDlQlC9vh83TBk0ZbFPMI9ifZYoL45Bc4F1qjD5OQ+1Imn9y/r7rGsZjfh2i+D0Zog6SEQX/PLz5Bs1pseMMq68ENc0iBVOR2OpvRkAcrO4Vsl0gMecXVTlSasuYozL6wKklTDQ8LpJe+CHPetsHjs9mm22t3s3mR52xsG/Nx8bdWH4fMkXPoY90+ 9irjFzTA0cF4eMheKUP/DPERxSSkK4c1BVYsASSsLtjY0Bj0TjtFQqHo+sxVy6LjTIghL54Nc+gEDRQ0lR1hmHo2LKqcrV4qwHZYuvy5CvYmy6tXrzIKUFt9E/1VdDBrUIUagG1wa6BGgvqn/irlblrNeFMYBlDFlPRdGuSPi3MVQD1rAwfewD4pzntgwVw0Yd9uoR Rem9LGcvTOnmkLPvfl3ZaAIzYR+MWzNl2YQAw15wavzixPivPjM73M8pCnODUdYdYW/vpKGdiu0leF+j6zPTqfM8iE8NCCQY0C4fb8vCTDJx0aL2ATbM0Iu1DLIGcvO2FbdS26fWHV97jbN6/6vun2yarvuNs3c3QXfLeX86brLB91s1VSdiddyU1XJQlu+AoKLsGd TGV50l5vuJcXJ1YtSv5Y2DfhXxkpxA7hhBCwv5I9i6zDBmmZgMwi+QWkEuBSe00Gh5pYtHyeeExoDTMoFYnK+5JDloSIrT9ZHfe1BTFHllL6tivSK3Nm1aVyEDvrSM46giyAA1kpp+8t7dAv4sDrX/DQ4qnDWTPWierQErk+vXVmFRFRVgyLQWePCEtSHsTRFrkLKi pQj/yyJVmu6GUf9rIfe9mHXfVjV33Yi37sRR9W9mNlr71MxP3wiZ7Ix0z6sdeaQ5dCUbkuYr7EJ7usrZpAEQdiA3yGT/3AFIrF1Qb5XD0OQ3kUN8HY0A93Kf5YUrdWPQ/Y2wI/a4HVZspc/LWJxBCkoj/GVfhi0VveVnkXmzoJKZJ4OqRO0KoqSN5bSCXbGMR1GMQ2 hvQ6DOk2Bnkdhm5ZU2O4vA7DXzoMQQxzFcaQiK7lx2pSlJjeWmF6/xBJBsV3e0bBOkwD8EXsm0QnyaX9aXcMy0RA5dWB3u7F8g7unPcCF13gog84o10zdQ5DdAd+2cZeDpB2gDp59NrawS6JbdT5OyJQTDHWtvtsv9/BszgTHex0GLvqYldD2LbpgO33CNqQQlUQ9B liDA2xPov1rXefLGAHvWPZCb97tl8MaRwSn9bFp73iSn0yqD65jvoh8WldvF+9Eh/wV0Luk0pYue4WeclcLJFUyQQrWPDO6UW+ji+Yq2sR/WN/ooDLe8WJe0qwJLNVMYavIddd7UIInaJo9q+igev+Vi4coaKaXodKXafbrSsZRT+luCZlx23qvDVs5EdAqPk+utJC5 T/F92grH172tXlwd4CXB8rch3h7iJdH2xUps7d64k3sFv2Gix9kOITvt3GkjmEOFa3D5gUT0FgeOBdMRPj2PMxUB/65S9k6Uq1wAq09FXUBfbiIM9griXrrBVoCFs3xvImvwXyGZ5DWsLFDqb61S+Bj41uqWCMbUs3jK77TV+9uSinqeTLu0ZWPJuP9A8jiJQ7l7Iv Ep5GMQyissoDlJp6O60IVGFJDWtelK0/cu+HIL8rz0lfMDaCowuYnZSvMJVQ88H+g9xh6jwd7PU7nRa6uA4hnDIvBZ2yo/2nMoV5S1wGEG0PljpeBfjh5FDleBvrZEspNqd4+lu8dHCf/uhiCf/GswLcSA72+W+T+2DbccT/iHr40nIcUtlf4tg282wbkUQWEuwGdg gUZuvDbF0OIIJ7D6ZuDbeu7IaWPn39d5HgZAkgRMgpWyVCF0DFfXKqfEmp/5JRPxg8P3LCo2qsftnKr0ah/32qDnVh4Gq3+MKDWvkx9PpPQrGh0e5DWlFobfNnO9JaIOrpd+BNHtxWGPId1VOtYm99p1G+i6+PCjta4zt/bM9s/wnVvXlpjczI2/zTZ+/zz8ge6d3Y +2Pntzp0dc+fhzuc7v995uvNix333fzdu3rh34+Pbf7/9z9v/uv1vDX37rVLmNzuNz+3//B+t8VDE</latexit>
r(x, z|✓)
<latexit sha1_base64="n4ECwT YdCfuLwJXCZl6+ybiKm1E=">AAAcoXicpVltb9y4Ed67vl3dt1z7pcD5 A6+G0+Sw3uyu7cS5IkCQu+B6QNK4jpNLa9kGJY0kYiVRJqnN7urUX9Bf 06/tHynQH9MhpbX1ujHaNaylOM8zHA6Ho6HWTkIm1Xj8748+/sEPf/Tj n3zy062f/fwXv/zVnU9//VbyVDjwxuEhF+9sKiFkMbxRTIXwLhFAIzu E7+zZV1r+3RyEZDw+VcsEziPqx8xjDlXYdXnnrqVgoYyezKVitifAzTN xbzEkK/I9sVQAit7PL+/sjEdj8yHtxqRs7Dz97eo/A/wcX376mWO53Ek jiJUTUinPJuNEnWdUKOaEkG9ZqYSEOjPqwxk2YxqBPM+MITnZxR6XeFz gf6yI6a0yMhpJuYxsREZUBbIp051dsrNUeUfnGYuTVEHsFAN5aUgUJ9o 7xGUCHBUusUEdwdBW4gRUUEehD2ujGJuGi8Lgra1dYnwt0dZY4rLhtM l7pgKShFwh0wUPV6jlZ9/Os/HoaKh9qS+To/H+4+nk8OHRw+mjg8NJ3s G0wxSuqeNr6i2YvgCI69QqZ/wYdRh9+dZum80Fjf31yJOC/vDg0fjw6G i6fzh9fDCZHJXsD5DLGR+U6K7VG7pSL/1QtxXnoaxFTCZZGjO1qHf6gi YBcxq9URoqJvj7oc35TFFbDvGShlQshl7IqaqHoh70ScxFREPJVnCey dT2mN8YHQM6AHdoCzqDuoLMg2UcJXs0VbyuWXKh7jo8wu0pMdJjqmxmI +QYN8erRO9GecqPSy3BMgkglnmWijCvaklcDzfsMGCu3vIzOdRX4+cnl egYEocpqHYXSz8kqK/araPQOCbCO8kTiI1CxZ0nNAzPtR0gBHj1OUKcR qg/wv1jNimKxF6x5C5B34ag6psFPd5wR0YdB/eIXKuwgoCqOofNVnXKQ mILNMM0JGExbrcoorFbDKcpIcNVEUtMNLjmckhcdIMwyU6O9CRZ7GNv IR1FmNzM5v0GYhA0NEkA9ShEbVkxvC/VZ5aOQR0b+dnkPDM5UzrZziTP 6zBsJ5guTCTmmYVtK+YJGm9jUp5ZNvPljCW1vpiz2EVXNDRhfLK5Xoti xAAXIQuUSr588MCIRlz4DzCaH6ARhUFK4aTfsfmX2qyGNt2AtfXoBh9T IBWZJT2PRixcWhKzXaJ0yHc+EAqVFUfp7Iu7ktSHYVGu1atARBlr2uA yz7sRu00x+HmWwcga+qP8bw0Zw8yRMZRBWwZXKZvTUM8O58MiuDKG/gX jI+Ykoksb6oQlJIjE3ZUK0MZo7zRTJCGWE4BjtkXLmRhDLvf6dRQJGlV QqVpkXHropxpnI1PhPGTp8tcm2Otarq6uUopQy3yT4itvYa5Ba1QP7AZ 3DSyQOPxxsJTMkesVr5NxAuuYUoFDw+xlfmkCqGNv6InXsK/yyw5Y6Is 67MUGlcJtqrRC8NS9nYklmB+o+w2CLW4i8NlJU12UYAzV10ZfbS9L8s vTi2KbZRGTemlaZGiSn3+Qg48reZWb7wvLpb4PmAnxpgHDGgXD7fVlqU zfFaHxBh+CjRWBudkGGbxthe1aNGvLorXsZVvmr2XftGVqLTttyzy7EO F3czvfiC6yvXa2Skpx0mbeiNZMdMPXWHAJZqcmy5PmftPP8vxsWomSP+ XW5/hXRgqxIua6IXxPdqbkOmy0WhCYWRSbYypBXeZZkyqquGj4PHFBF CN4WCoSk/cVwyyJEVu9m7bc1yTqHFmyimab0sm5mFZZGdIuWkyvRYRQ0 TWvaE8Lhz7jodu94bHHNWeCeqwTIygYWXFoaK2qRsRp3k9DYQcFEslCH m/gzalYgzr4iwaz3NGLLuyqG7vqwi67scsu7LwbO+/Cqm6s6rQXBO+Gj 4uFfAkq4G5jDR2KReV1EfOVvrPK2qoOFDwUN8ATfdcNlFgsLm+Qr81tP 5TFvA7WHd1wh0rcsVVrzX2PvQ3wSQNsHqbg6OMv4RikojvGTfjqords rvOu7molpFjp0yHF83a9qiBZZyGVbNIgbqNBbNIgb6NBbtKgbqOhXdZU NKxuo+GvLQ0hx7WKOCaiW/lxvSiGVjxacXm/jRVg8d1cUbROpwH8Itbn pEiSC+sP7TksEoGVVwv6+04sa+EuWSdw1gbOuoAebZtZ5DCNbsFXTeyq R2kLWCSPTltb2AWxhlX9LQoWUwBNuy/2ux3s8VS0sAf92GUbu+zDNk1 HbLdHtA0Sq4Kwy5Bh3xSrq1h99O6TGT5B702thN2/2M/7RuyjH1TpB51 0M3zSO3xym+H76AdVevfwht7jr4Q8IGuycd0ueQuOLpFMyYQ7WLDW6UW 953NwilrEBjyLZokBLr7Iz5xzoksyyxRjgOhrUbMQ0k4xavY/pAav+xt 16RkaVQe3UWWuB5utKzWKbpXilipbbjPnrX4j76LCQt/dD1po/Gf0Pd6 oT1/2C/OwdagvD425j3TzSF8ebx7ImL3RE/+L3aLbcPF/GY7h+4LH5h hmU9E4bM5BYGd54JyBiMlkdBilRqDfv5e9e6YXT6CVu7xKKA4XPMVnJT FvvXCUEGJfnzf1a7AA9BmkMW0tMEPvbhH8WPotFS+QNVb9+Ir9xbubkk VdV/GOsbK98Wj/ELN4idM8a54ENFY8wsIqDSGb6NNxlbQGY2qQ1bGKyl M/u/HIL8rz0tfghFhU6e5XZS+uJVY8+N8jPUXpaa/UZdTPM3PtQZyAL gZPoE9+zBnWS+bag3A4Vu760iPHk0ee6UuPHBZYbirz9rF872Db2fO8D /7sJNdvJXqkgZNnwcgaOqNuxBf6paEfUXy84rc11K1NQBavgdjqGVNAm GoXvnjThwi5j6dvhrZdt/oGffn6eZ7pSx9AiQgoWqUiE0KnbLYyPyVYc RxjYajfTmbj0aNDJ8rX/SFdgpCQZNNapw2h7myAbS7cAj0e1fsXMmCe wm6jpugPZWXQ6Q2+7IfikajHaIv0TxztXpyyj/uoIrg2v9VZvImuzksL GvO6vLMzaf4I1268nY4m49Hkz+Odp0eD4vPJ4LPB7wb3BpPBo8HTwR8H x4M3A2fw98E/Bv8c/Gt7Z/vb7ePtkwL68Ucl5zeD2mf77L/dBa+v</la texit><latexit sha1_base64="yfNfOs 7ZyWqkNT8RpYmkj2bn/mA=">AAAcoXicpVltb9zGEb6kb4n65rRfCsQf NhXs2sHpfHeSLCmFAcOJkQawa0WWHLeiJCzJIbk4kkvtLs93Ylj0B/TX 5Gv7Rwr0x3R2yZP4ehbaE8Rb7jzP7Ozs7HCWZychk2o8/vcHH/7oxz/5 6c8++njj57/45a9+feeT37yRPBUOnDg85OKtTSWELIYTxVQIbxMBNLJ D+M6efanl381BSMbjY7VM4Cyifsw85lCFXRd37lsKFsroyVwqZlsC3Dw TDxZDckW+J5YKQNGH+cWdzfFobD6k3ZiUjc2nv7v6z8d//+HZ4cUnnzq Wy500glg5IZXydDJO1FlGhWJOCPmGlUpIqDOjPpxiM6YRyLPMGJKTe9j jEo8L/I8VMb1VRkYjKZeRjciIqkA2ZbqzS3aaKm//LGNxkiqInWIgLw2 J4kR7h7hMgKPCJTaoIxjaSpyACuoo9GFtFGPTcFEYvLFxjxhfS7Q1lr hsOG3yjqmAJCFXyHTBwxVq+dm382w82h9qX+rLZH+8fTCd7D7efzzd29 md5B1MO0zhmjq+pt6C6QuAuE6tcsYHqMPoyzfutdlc0NhfjTwp6I939s a7+/vT7d3pwc5ksl+y30MuZ7xTortWb+hKvfRD3Vach7IWMZlkaczUot 7pC5oEzGn0RmmomODvhjbnM0VtOcRLGlKxGHohp6oeinrQJzEXEQ0lu 4KzTKa2x/zG6BjQAbhDW9AZ1BVkHizjKNmiqeJ1zZILdd/hEW5PiZEeU 2UzGyGHuDleJXo3ymN+WGoJlkkAscyzVIR5VUvierhhhwFz9ZafyaG+G j8/qUTHkDhMQbW7WPohQX3Vbh2FxjER3kmeQGwUKu48oWF4pu0AIcCrz xHiNEL9Ee4fs0lRJLaKJXcJ+jYEVd8s6PGGOzLqOLhH5EqFFQRU1Tlsd lWnLCS2QDNMQxIW43aLIhq7xXCaEjJcFbHERINrLofERTcIk+zkSE+S xT72FtJRhMnNbN6vIQZBQ5MEUI9C1IYVw7tSfWbpGNSxkZ9OzjKTM6WT bU7yvA7DdoLpwkRinlnYtmKeoPE2JuWZZTNfzlhS64s5i110RUMTxieb 67UoRgxwEbJAqeSLR4+MaMSF/wij+REaURikFE76LZt/oc1qaNMNWFmP bvAxBVKRWdLzaMTCpSUx2yVKh3znA6FQWXGUzr64K0l9GBblWr0KRJS xpg0u87wbsdsUg59nGYysoT/K/9aQMcwcGUMZtGVwmbI5DfXscD4sgkt j6F8wPmJOIrq0oU5YQoJI3F2pAG2M9k4zRRJiOQE4Zlu0nIkx5HKvX0e RoFEFlapFxqWHfqpxNjIVzkOWLn9tgr2u5fLyMqUItcw3Kb7yFuYatEL 1wG5w18ACicMfBkvJHLla8ToZJ7CKKRU4NMxe5hcmgDr2hp54Dfsqv+i Ahb6ow16sUSncpkorBE892JxYgvmBetgg2OImAp8dNdVFCcZQfW301f ayJL84Pi+2WRYxqZemRYYm+fl7Ofi4kpe5+T63XOr7gJkQbxowrFEw3F 5flMr0XREaJ/gQbKwIzM02yOBNK2xXollbFq1kL9syfyX7ui1TK9lxW+ bZhQi/m9v5RnSebbWzVVKKkzbzRrRiohu+woJLMDs1WZ4095t+luen00 qU/Dm3PsO/MlKIFTHXDeF7sjkl12Gj1YLAzKLYHFMJ6jLPmlRRxUXD5 4kLohjBw1KRmLyvGGZJjNjq3bTlviZR58iSVTTblE7O+bTKypB23mJ6L SKEiq54RXtaOPQZD93uDY89rjkT1GOdGEHByIpDQ2tVNSJO834aCjsok EgW8ngNb07FCtTBXzSY5Y5edGGvurFXXdhlN3bZhZ13Y+ddWNWNVZ32g uDd8HGxkC9BBdxtrKFDsai8LmK+1HdWWVvVgYKH4gZ4pO+6gRKLxeUN8 rW57YeymNfBuqMb7lCJO7ZqrbnvsbcBPmqAzcMUHH38JRyDVHTHuAlf XfSWzVXe1V2thBQrfTqkeN6uVxUk6yykknUaxG00iHUa5G00yHUa1G00 tMuaioar22j4a0tDyHGtIo6J6FZ+XC2KoRWPVlzeb2IFWHw3VxSt02kA v4j1GSmS5ML6Y3sOi0Rg5dWC/qETy1q4C9YJnLWBsy6gR9tmFjlMo1vw qyb2qkdpC1gkj05bW9gFsYZV/S0KFlMATbvPt7sd7PFUtLA7/dhlG7v swzZNR2y3R7QNEquCsMuQYd8Uq6tYffRukxk+QR9MrYQ9PN/O+0bso+9 U6TuddDN80jt8cpvh++g7VXr38Ibe46+EPCIrsnHdPfIGHF0imZIJd7B grdOLesfn4BS1iA14Fs0SA1x8np86Z0SXZJYpxgDR16JmIaSdYtRsv08 NXrfX6tIzNKp2bqPKXHfWW1dqFN0qxS1Vttxmzlv9Rt5HhYW++++10Pj P6DtYq09ftgvzsLWrL4+NuXu6ua8vB+sHMmav9cT/YrfoNlz8X4Zj+L 7gsTmG2VQ0DptzENhZHjhnIGIyGe1GqRHo9+9l75bpxRNo5S6vEorDBU /xWUnMWy8cJYTY1+dN/RosAH0GaUxbC8zQ9zYIfiz9looXyBqrfnzF/u LdTcmirqt4x1jZ1ni0vYtZvMRpnjVPAhorHmFhlYaQTfTpuEpagTE1yO pYReWpn9145BfleekrcEIsqnT3q7IX1xIrHvzvkR6j9LhX6jLq55m59 iCOQBeDR9AnP+QM6yVz7UE4HCt3femR48kjz/SlRw4LLDeVeftYvnew7 ex53gd/dpTrtxI90sDJs2BkDZ1RN+Jz/dLQjyg+XvHbGurWOiCLV0Bs9 YwpIEy1C1+c9CFC7uPpm6Ft162+QV++fp5n+tIHUCICilapyITQMZtdm Z8SrDiOsTDUbyez8Whv14nyVX9IlyAkJNm01mlDqDsbYJsLt0CPR/X+ hQyYp7DbqCn6Q1kZdHqDL/uheCTqMdoi/RNHuxen7OM+qgiuzW91Fm+i q/PSgsa8Lu5sTpo/wrUbb6ajyXg0+Xa8+XR/UHw+Gnw6+P3gwWAy2Bs8 HfxpcDg4GTiDfwx+GPxz8K+7m3e/uXt496iAfvhByfntoPa5e/pfaBOx LA==</latexit><latexit sha1_base64="yfNfOs 7ZyWqkNT8RpYmkj2bn/mA=">AAAcoXicpVltb9zGEb6kb4n65rRfCsQf NhXs2sHpfHeSLCmFAcOJkQawa0WWHLeiJCzJIbk4kkvtLs93Ylj0B/TX 5Gv7Rwr0x3R2yZP4ehbaE8Rb7jzP7Ozs7HCWZychk2o8/vcHH/7oxz/5 6c8++njj57/45a9+feeT37yRPBUOnDg85OKtTSWELIYTxVQIbxMBNLJ D+M6efanl381BSMbjY7VM4Cyifsw85lCFXRd37lsKFsroyVwqZlsC3Dw TDxZDckW+J5YKQNGH+cWdzfFobD6k3ZiUjc2nv7v6z8d//+HZ4cUnnzq Wy500glg5IZXydDJO1FlGhWJOCPmGlUpIqDOjPpxiM6YRyLPMGJKTe9j jEo8L/I8VMb1VRkYjKZeRjciIqkA2ZbqzS3aaKm//LGNxkiqInWIgLw2 J4kR7h7hMgKPCJTaoIxjaSpyACuoo9GFtFGPTcFEYvLFxjxhfS7Q1lr hsOG3yjqmAJCFXyHTBwxVq+dm382w82h9qX+rLZH+8fTCd7D7efzzd29 md5B1MO0zhmjq+pt6C6QuAuE6tcsYHqMPoyzfutdlc0NhfjTwp6I939s a7+/vT7d3pwc5ksl+y30MuZ7xTortWb+hKvfRD3Vach7IWMZlkaczUot 7pC5oEzGn0RmmomODvhjbnM0VtOcRLGlKxGHohp6oeinrQJzEXEQ0lu 4KzTKa2x/zG6BjQAbhDW9AZ1BVkHizjKNmiqeJ1zZILdd/hEW5PiZEeU 2UzGyGHuDleJXo3ymN+WGoJlkkAscyzVIR5VUvierhhhwFz9ZafyaG+G j8/qUTHkDhMQbW7WPohQX3Vbh2FxjER3kmeQGwUKu48oWF4pu0AIcCrz xHiNEL9Ee4fs0lRJLaKJXcJ+jYEVd8s6PGGOzLqOLhH5EqFFQRU1Tlsd lWnLCS2QDNMQxIW43aLIhq7xXCaEjJcFbHERINrLofERTcIk+zkSE+S xT72FtJRhMnNbN6vIQZBQ5MEUI9C1IYVw7tSfWbpGNSxkZ9OzjKTM6WT bU7yvA7DdoLpwkRinlnYtmKeoPE2JuWZZTNfzlhS64s5i110RUMTxieb 67UoRgxwEbJAqeSLR4+MaMSF/wij+REaURikFE76LZt/oc1qaNMNWFmP bvAxBVKRWdLzaMTCpSUx2yVKh3znA6FQWXGUzr64K0l9GBblWr0KRJS xpg0u87wbsdsUg59nGYysoT/K/9aQMcwcGUMZtGVwmbI5DfXscD4sgkt j6F8wPmJOIrq0oU5YQoJI3F2pAG2M9k4zRRJiOQE4Zlu0nIkx5HKvX0e RoFEFlapFxqWHfqpxNjIVzkOWLn9tgr2u5fLyMqUItcw3Kb7yFuYatEL 1wG5w18ACicMfBkvJHLla8ToZJ7CKKRU4NMxe5hcmgDr2hp54Dfsqv+i Ahb6ow16sUSncpkorBE892JxYgvmBetgg2OImAp8dNdVFCcZQfW301f ayJL84Pi+2WRYxqZemRYYm+fl7Ofi4kpe5+T63XOr7gJkQbxowrFEw3F 5flMr0XREaJ/gQbKwIzM02yOBNK2xXollbFq1kL9syfyX7ui1TK9lxW+ bZhQi/m9v5RnSebbWzVVKKkzbzRrRiohu+woJLMDs1WZ4095t+luen00 qU/Dm3PsO/MlKIFTHXDeF7sjkl12Gj1YLAzKLYHFMJ6jLPmlRRxUXD5 4kLohjBw1KRmLyvGGZJjNjq3bTlviZR58iSVTTblE7O+bTKypB23mJ6L SKEiq54RXtaOPQZD93uDY89rjkT1GOdGEHByIpDQ2tVNSJO834aCjsok EgW8ngNb07FCtTBXzSY5Y5edGGvurFXXdhlN3bZhZ13Y+ddWNWNVZ32g uDd8HGxkC9BBdxtrKFDsai8LmK+1HdWWVvVgYKH4gZ4pO+6gRKLxeUN8 rW57YeymNfBuqMb7lCJO7ZqrbnvsbcBPmqAzcMUHH38JRyDVHTHuAlf XfSWzVXe1V2thBQrfTqkeN6uVxUk6yykknUaxG00iHUa5G00yHUa1G00 tMuaioar22j4a0tDyHGtIo6J6FZ+XC2KoRWPVlzeb2IFWHw3VxSt02kA v4j1GSmS5ML6Y3sOi0Rg5dWC/qETy1q4C9YJnLWBsy6gR9tmFjlMo1vw qyb2qkdpC1gkj05bW9gFsYZV/S0KFlMATbvPt7sd7PFUtLA7/dhlG7v swzZNR2y3R7QNEquCsMuQYd8Uq6tYffRukxk+QR9MrYQ9PN/O+0bso+9 U6TuddDN80jt8cpvh++g7VXr38Ibe46+EPCIrsnHdPfIGHF0imZIJd7B grdOLesfn4BS1iA14Fs0SA1x8np86Z0SXZJYpxgDR16JmIaSdYtRsv08 NXrfX6tIzNKp2bqPKXHfWW1dqFN0qxS1Vttxmzlv9Rt5HhYW++++10Pj P6DtYq09ftgvzsLWrL4+NuXu6ua8vB+sHMmav9cT/YrfoNlz8X4Zj+L 7gsTmG2VQ0DptzENhZHjhnIGIyGe1GqRHo9+9l75bpxRNo5S6vEorDBU /xWUnMWy8cJYTY1+dN/RosAH0GaUxbC8zQ9zYIfiz9looXyBqrfnzF/u LdTcmirqt4x1jZ1ni0vYtZvMRpnjVPAhorHmFhlYaQTfTpuEpagTE1yO pYReWpn9145BfleekrcEIsqnT3q7IX1xIrHvzvkR6j9LhX6jLq55m59 iCOQBeDR9AnP+QM6yVz7UE4HCt3femR48kjz/SlRw4LLDeVeftYvnew7 ex53gd/dpTrtxI90sDJs2BkDZ1RN+Jz/dLQjyg+XvHbGurWOiCLV0Bs9 YwpIEy1C1+c9CFC7uPpm6Ft162+QV++fp5n+tIHUCICilapyITQMZtdm Z8SrDiOsTDUbyez8Whv14nyVX9IlyAkJNm01mlDqDsbYJsLt0CPR/X+ hQyYp7DbqCn6Q1kZdHqDL/uheCTqMdoi/RNHuxen7OM+qgiuzW91Fm+i q/PSgsa8Lu5sTpo/wrUbb6ajyXg0+Xa8+XR/UHw+Gnw6+P3gwWAy2Bs8 HfxpcDg4GTiDfwx+GPxz8K+7m3e/uXt496iAfvhByfntoPa5e/pfaBOx LA==</latexit><latexit sha1_base64="kQLQGJ 4Xe+WRfsBc6Tu8qUqoqpg=">AAAcoXicpVltc9y2Eb6kb6n65rQfow9I NXbtzOl0d5IsKR3PZJx40szYtSpLjltR0oDkksQcSVAAeL4Tw/6C/pp+ bf9I/00XIE/i61nTnkY8EPs8i8VisVzw7CRkUo3H//no4x/9+Cc//dkn P9/4xS9/9evfPPj0t28lT4UDZw4PuXhnUwkhi+FMMRXCu0QAjewQvrd nX2v593MQkvH4VC0TuIioHzOPOVRh19WDR5aChTJ6MpeK2bYAN8/E48W Q3JAfiKUCUPRJfvVgazwamw9pNyZlY2tQfo6vPv3MsVzupBHEygmplOe TcaIuMioUc0LIN6xUQkKdGfXhHJsxjUBeZMaQnDzEHpd4XOB/rIjprTI yGkm5jGxERlQFsinTnV2y81R5hxcZi5NUQewUA3lpSBQn2jvEZQIcFS6 xQR3B0FbiBFRQR6EPa6MYm4aLwuCNjYfE+FqirbHEZcNpk/dMBSQJuU KmCx6uUMvPvp1n49HhUPtSXyaH492j6WT/6eHT6cHe/iTvYNphCrfU8S 31HkxfAMR1apUzPkIdRl++8bDN5oLG/mrkSUF/uncw3j88nO7uT4/2Jp PDkv0BcjnjvRLdtXpDV+qlH+q24jyUtYjJJEtjphb1Tl/QJGBOozdKQ8 UEfz+0OZ8passhXtKQisXQCzlV9VDUgz6LuYhoKNkNXGQytT3mN0bHg A7AHdqCzqCuIPNgGUfJNk0Vr2uWXKhHDo9we0qM9Jgqm9kIOcbN8TrRu 1Ge8uNSS7BMAohlnqUizKtaEtfDDTsMmKu3/EwO9dX4+VklOobEYQqq3 cXSDwnqq3brKDSOifBO8gRio1Bx5xkNwwttBwgBXn2OEKcR6o9w/5hNi iKxXSy5S9C3Iaj6ZkGPN9yRUcfBPSJXKqwgoKrOYbObOmUhsQWaYRqSs Bi3WxTR2C2G05SQ4aqIJSYaXHM5JC66QZhkJ0d6kiz2sbeQjiJMbmbz fgsxCBqaJIB6FKI2rBjel+ozS8egjo38fHKRmZwpnWxrkud1GLYTTBcm EvPMwrYV8wSNtzEpzyyb+XLGklpfzFnsoisamjA+2VyvRTFigIuQBUol X+7sGNGIC38Ho3kHjSgMUgon/Y7Nv9RmNbTpBqysRzf4mAKpyCzpeTRi 4dKSmO0SpUO+84FQqKw4Smdf3JWkPgyLcq1eBSLKWNMGl3nendhtisH PswxG1tAf5X9vyBhmjoyhDNoyuE7ZnIZ6djgfFsG1MfSvGB8xJxFd2lA nLCFBJO6uVIA2RnunmSIJsZwAHLMtWs7EGHK516+jSNCogkrVIuPSQz/ VOBuZCuchS5e/McFe13J9fZ1ShFrmmxRfeQtzC1qhemB3uFtggcThj4O lZI5crXidjBNYxZQKHBpmr/IrE0Ade0NPvIZ9nV91wEJf1GEv16gUblO lFYKnHm9NLMH8QD1pEGxxF4HPT5rqogRjqL42+mp7WZJfnV4W2yyLmN RL0yJDk/zigxx8XMnr3HxfWi71fcBMiDcNGNYoGG5vrkpl+q4IjTN8CD ZWBOZmG2TwthW2K9GsLYtWsldtmb+SfduWqZXstC3z7EKE383tfCe6zL bb2SopxUmbeSdaMdEN32DBJZidmixPmvtNP8vz82klSv6cW5/jXxkpxI qY64bwA9maktuw0WpBYGZRbI6pBHWZZ02qqOKi4fPEBVGM4GGpSEzeV wyzJEZs9W7acl+TqHNkySqabUon53JaZWVIu2wxvRYRQkVXvKI9LRz6n Idu94bHHtecCeqxToygYGTFoaG1qhoRp3k/DYUdFEgkC3m8hjenYgXq4 C8azHJHL7qwN93Ymy7sshu77MLOu7HzLqzqxqpOe0Hwbvi4WMhXoALuN tbQoVhU3hYxX+s7q6yt6kDBQ3EHPNF33UCJxeLyDvnG3PZDWczrYN3RD XeoxB1btdbc99jbAJ80wOZhCo4+/hKOQSq6Y9yEry56y+Yq7+quVkKK lT4dUjxv16sKknUWUsk6DeI+GsQ6DfI+GuQ6Deo+GtplTUXDzX00/K2l IeS4VhHHRHQvP64WxdCKRysu73exAiy+myuK1uk0gF/E+pwUSXJh/bE9 h0UisPJqQf/QiWUt3BXrBM7awFkX0KNtM4scptEt+E0Te9OjtAUskken rS3sgljDqv4WBYspgKbdl7vdDvZ4KlrYvX7sso1d9mGbpiO22yPaBol VQdhlyLBvitVVrD56d8kMn6CPp1bCnlzu5n0j9tH3qvS9TroZPukdPrn P8H30vSq9e3hD7/FXQnbIimxc95C8BUeXSKZkwh0sWOv0ot7zOThFLWI DnkWzxAAXX+TnzgXRJZllijFA9K2oWQhppxg1ux9Sg9fdtbr0DI2qvfu oMte99daVGkW3SnFPlS23mfNWv5GPUGGh79EHLTT+M/qO1urTl93CPGz t68tTY+6Bbh7qy9H6gYzZaz3xv9gtug0X/5fhGL4veWyOYTYVjcPmHA R2lgfOGYiYTEb7UWoE+v172bttevEEWrnLq4TicMFTfFYS89YLRwkh9v V5U78GC0CfQRrT1gIz9MMNgh9Lv6XiBbLGqh9fsb94d1OyqOsq3jFWtj 0e7e5jFi9xmmfNk4DGikdYWKUhZBN9Oq6SVmBMDbI6VlF56mc3HvlFeV 76BpwQiyrd/brsxbXEigf/e6SnKD3tlbqM+nlmrj2IE9DF4An0yY85w 3rJXHsQDsfKXV965HjyyDN96ZHDAstNZd4+lu8dbDt7kffBn5/k+q1Ej zRw8iwYWUNn1I34Qr809COKj1f8toa6tQ7I4hUQWz1jCghT7cKXZ32Ik Pt4+mZo222rb9BXb17kmb70AZSIgKJVKjIhdMpmN+anBCuOYywM9dvJb Dw62HeifNUf0iUICUk2rXXaEOrOBtjmwi3Q41G9fyED5insNmqK/lBW Bp3e4ct+KB6Jeoy2SP/E0e7FKfu4jyqCW/NbncWb6Oq8tKAxr6sHW5Pm j3DtxtvpaDIeTf4y3vrqsPyB7pPBZ4PfDx4PJoODwVeDPw2OB2cDZ/CP wT8H/xr8e3Nr87vN482TAvrxRyXnd4PaZ/P8v/QgrgE=</latexit>
t(x, z|✓)
<latexit sha1_base64="BMHppI HEY/0iNNG8Fhs+Hd4wokw=">AAAcoXicpVltb9y4Ed67vl3dt1z7pcD5 A6+G0+Sw3uyu7cS5IkCQu+B6QNK4jpNLa9kGJY0kYiVRJqnN7urUX9Bf 06/tHynQH9MhpbX1ujHaNaylOM8zHA6Ho6HWTkIm1Xj8748+/sEPf/Tj n3zy062f/fwXv/zVnU9//VbyVDjwxuEhF+9sKiFkMbxRTIXwLhFAIzu E7+zZV1r+3RyEZDw+VcsEziPqx8xjDlXYdXnnrqVgoYyezKVitifAzTN 1bzEkK/I9sVQAit7PL+/sjEdj8yHtxqRs7Dz97eo/A/wcX376mWO53Ek jiJUTUinPJuNEnWdUKOaEkG9ZqYSEOjPqwxk2YxqBPM+MITnZxR6XeFz gf6yI6a0yMhpJuYxsREZUBbIp051dsrNUeUfnGYuTVEHsFAN5aUgUJ9o 7xGUCHBUusUEdwdBW4gRUUEehD2ujGJuGi8Lgra1dYnwt0dZY4rLhtM l7pgKShFwh0wUPV6jpZ+HbeTYeHQ21L/VlcjTefzydHD48ejh9dHA4yT uYdpjCNXV8Tb0F0xcAcZ1a5Ywfow6jL9/abbO5oLG/HnlS0B8ePBofHh 1N9w+njw8mk6OS/QFyOeODEt21ekNX6qUf6rbiPJS1iMkkS2OmFvVOX9 AkYE6jN0pDxQR/P7Q5nylqyyFe0pCKxdALOVX1UNSDPom5iGgo2QrOM 5naHvMbo2NAB+AObUFnUFeQebCMo2SPporXNUsu1F2HR7g9JUZ6TJXNb IQc4+Z4lejdKE/5caklWCYBxDLPUhHmVS2J6+GGHQbM1Vt+Jof6avz8p BIdQ+IwBdXuYumHBPVVu3UUGsdEeCd5ArFRqLjzhIbhubYDhACvPkeI0 wj1R7h/zCZFkdgrltwl6NsQVH2zoMcb7sio4+AekWsVVhBQVeew2apOW UhsgWaYhiQsxu0WRTR2i+E0JWS4KmKJiQbXXA6Ji24QJtnJkZ4ki33s LaSjCJOb2bzfQAyChiYJoB6FqC0rhvel+szSMahjIz+bnGcmZ0on25nk eR2G7QTThYnEPLOwbcU8QeNtTMozy2a+nLGk1hdzFrvoioYmjE8212tR jBjgImSBUsmXDx4Y0YgL/wFG8wM0ojBIKZz0Ozb/UpvV0KYbsLYe3eBj CqQis6Tn0YiFS0titkuUDvnOB0KhsuIonX1xV5L6MCzKtXoViChjTRt c5nk3YrcpBj/PMhhZQ3+U/60hY5g5MoYyaMvgKmVzGurZ4XxYBFfG0L9 gfMScRHRpQ52whASRuLtSAdoY7Z1miiTEcgJwzLZoORNjyOVev44iQaM KKlWLjEsP/VTjbGQqnIcsXf7aBHtdy9XVVUoRaplvUnzlLcw1aI3qgd3 groEFEoc/DpaSOXK94nUyTmAdUypwaJi9zC9NAHXsDT3xGvZVftkBC31 Rh73YoFK4TZVWCJ66tzOxBPMDdb9BsMVNBD47aaqLEoyh+troq+1lSX 55elFssyxiUi9NiwxN8vMPcvBxJa9y831hudT3ATMh3jRgWKNguL2+LJ XpuyI03uBDsLEiMDfbIIO3rbBdi2ZtWbSWvWzL/LXsm7ZMrWWnbZlnFy L8bm7nG9FFttfOVkkpTtrMG9GaiW74GgsuwezUZHnS3G/6WZ6fTStR8q fc+hz/ykghVsRcN4Tvyc6UXIeNVgsCM4tic0wlqMs8a1JFFRcNnycui GIED0tFYvK+YpglMWKrd9OW+5pEnSNLVtFsUzo5F9MqK0PaRYvptYgQK rrmFe1p4dBnPHS7Nzz2uOZMUI91YgQFIysODa1V1Yg4zftpKOygQCJZy OMNvDkVa1AHf9Fgljt60YVddWNXXdhlN3bZhZ13Y+ddWNWNVZ32guDd8 HGxkC9BBdxtrKFDsai8LmK+0ndWWVvVgYKH4gZ4ou+6gRKLxeUN8rW57 YeymNfBuqMb7lCJO7ZqrbnvsbcBPmmAzcMUHH38JRyDVHTHuAlfXfSW zXXe1V2thBQrfTqkeN6uVxUk6yykkk0axG00iE0a5G00yE0a1G00tMua iobVbTT8taUh5LhWEcdEdCs/rhfF0IpHKy7vt7ECLL6bK4rW6TSAX8T6 nBRJcmH9oT2HRSKw8mpBf9+JZS3cJesEztrAWRfQo20zixym0S34qold 9ShtAYvk0WlrC7sg1rCqv0XBYgqgaffFfreDPZ6KFvagH7tsY5d92Kb piO32iLZBYlUQdhky7JtidRWrj959MsMn6L2plbD7F/t534h99IMq/aC TboZPeodPbjN8H/2gSu8e3tB7/JWQB2RNNq7bJW/B0SWSKZlwBwvWOr2 o93wOTlGL2IBn0SwxwMUX+ZlzTnRJZpliDBB9LWoWQtopRs3+h9TgdX+ jLj1Do+rgNqrM9WCzdaVG0a1S3FJly23mvNVv5F1UWOi7+0ELjf+Mvsc b9enLfmEetg715aEx95FuHunL480DGbM3euJ/sVt0Gy7+L8MxfF/w2B zDbCoah805COwsD5wzEDGZjA6j1Aj0+/eyd8/04gm0cpdXCcXhgqf4rC TmrReOEkLs6/Omfg0WgD6DNKatBWbo3S2CH0u/peIFssaqH1+xv3h3U7 Ko6yreMVa2Nx7tH2IWL3GaZ82TgMaKR1hYpSFkE306rpLWYEwNsjpWUX nqZzce+UV5XvoanBCLKt39quzFtcSKB/97pKcoPe2Vuoz6eWauPYgT0 MXgCfTJjznDeslcexAOx8pdX3rkePLIM33pkcMCy01l3j6W7x1sO3ue9 8GfneT6rUSPNHDyLBhZQ2fUjfhCvzT0I4qPV/y2hrq1CcjiNRBbPWMKC FPtwhdv+hAh9/H0zdC261bfoC9fP88zfekDKBEBRatUZELolM1W5qcEK 45jLAz128lsPHp06ET5uj+kSxASkmxa67Qh1J0NsM2FW6DHo3r/QgbM U9ht1BT9oawMOr3Bl/1QPBL1GG2R/omj3YtT9nEfVQTX5rc6izfR1Xlp QWNel3d2Js0f4dqNt9PRZDya/Hm88/RoUHw+GXw2+N3g3mAyeDR4Ovjj 4HjwZuAM/j74x+Cfg39t72x/u328fVJAP/6o5PxmUPtsn/0XFWCvsQ== </latexit><latexit sha1_base64="WhfdL6 HX9XmJ7WXSrLsNwv05onI=">AAAcoXicpVltb9zGEb6kb4n65rRfCsQf NhXs2sHpfHeSLCmFAcOJkQawa0WWHLeiJCzJIbk4kkvtLs93Ylj0B/TX 5Gv7Rwr0x3R2yZP4ehbaE8Rb7jzP7Ozs7HCWZychk2o8/vcHH/7oxz/5 6c8++njj57/45a9+feeT37yRPBUOnDg85OKtTSWELIYTxVQIbxMBNLJ D+M6efanl381BSMbjY7VM4Cyifsw85lCFXRd37lsKFsroyVwqZlsC3Dx TDxZDckW+J5YKQNGH+cWdzfFobD6k3ZiUjc2nv7v6z8d//+HZ4cUnnzq Wy500glg5IZXydDJO1FlGhWJOCPmGlUpIqDOjPpxiM6YRyLPMGJKTe9j jEo8L/I8VMb1VRkYjKZeRjciIqkA2ZbqzS3aaKm//LGNxkiqInWIgLw2 J4kR7h7hMgKPCJTaoIxjaSpyACuoo9GFtFGPTcFEYvLFxjxhfS7Q1lr hsOG3yjqmAJCFXyHTBwxVq+ln4dp6NR/tD7Ut9meyPtw+mk93H+4+nez u7k7yDaYcpXFPH19RbMH0BENepVc74AHUYffnGvTabCxr7q5EnBf3xzt 54d39/ur07PdiZTPZL9nvI5Yx3SnTX6g1dqZd+qNuK81DWIiaTLI2ZWt Q7fUGTgDmN3igNFRP83dDmfKaoLYd4SUMqFkMv5FTVQ1EP+iTmIqKhZ FdwlsnU9pjfGB0DOgB3aAs6g7qCzINlHCVbNFW8rllyoe47PMLtKTHSY 6psZiPkEDfHq0TvRnnMD0stwTIJIJZ5loowr2pJXA837DBgrt7yMznUV +PnJ5XoGBKHKah2F0s/JKiv2q2j0DgmwjvJE4iNQsWdJzQMz7QdIAR49 TlCnEaoP8L9YzYpisRWseQuQd+GoOqbBT3ecEdGHQf3iFypsIKAqjqHz a7qlIXEFmiGaUjCYtxuUURjtxhOU0KGqyKWmGhwzeWQuOgGYZKdHOlJ stjH3kI6ijC5mc37NcQgaGiSAOpRiNqwYnhXqs8sHYM6NvLTyVlmcqZ0 ss1Jntdh2E4wXZhIzDML21bMEzTexqQ8s2zmyxlLan0xZ7GLrmhowvhk c70WxYgBLkIWKJV88eiREY248B9hND9CIwqDlMJJv2XzL7RZDW26ASvr 0Q0+pkAqMkt6Ho1YuLQkZrtE6ZDvfCAUKiuO0tkXdyWpD8OiXKtXgYg y1rTBZZ53I3abYvDzLIORNfRH+d8aMoaZI2Mog7YMLlM2p6GeHc6HRXB pDP0LxkfMSUSXNtQJS0gQibsrFaCN0d5ppkhCLCcAx2yLljMxhlzu9es oEjSqoFK1yLj00E81zkamwnnI0uWvTbDXtVxeXqYUoZb5JsVX3sJcg1a oHtgN7hpYIHH4w2ApmSNXK14n4wRWMaUCh4bZy/zCBFDH3tATr2Ff5Rc dsNAXddiLNSqF21RpheCpB5sTSzA/UA8bBFvcROCzo6a6KMEYqq+Nvt peluQXx+fFNssiJvXStMjQJD9/LwcfV/IyN9/nlkt9HzAT4k0DhjUKht vri1KZvitC4wQfgo0VgbnZBhm8aYXtSjRry6KV7GVb5q9kX7dlaiU7bs s8uxDhd3M734jOs612tkpKcdJm3ohWTHTDV1hwCWanJsuT5n7Tz/L8dF qJkj/n1mf4V0YKsSLmuiF8Tzan5DpstFoQmFkUm2MqQV3mWZMqqrho+ DxxQRQjeFgqEpP3FcMsiRFbvZu23Nck6hxZsopmm9LJOZ9WWRnSzltMr 0WEUNEVr2hPC4c+46HbveGxxzVngnqsEyMoGFlxaGitqkbEad5PQ2EHB RLJQh6v4c2pWIE6+IsGs9zRiy7sVTf2qgu77MYuu7Dzbuy8C6u6sarTX hC8Gz4uFvIlqIC7jTV0KBaV10XMl/rOKmurOlDwUNwAj/RdN1Bisbi8Q b42t/1QFvM6WHd0wx0qccdWrTX3PfY2wEcNsHmYgqOPv4RjkIruGDfh q4vesrnKu7qrlZBipU+HFM/b9aqCZJ2FVLJOg7iNBrFOg7yNBrlOg7qN hnZZU9FwdRsNf21pCDmuVcQxEd3Kj6tFMbTi0YrL+02sAIvv5oqidToN 4BexPiNFklxYf2zPYZEIrLxa0D90YlkLd8E6gbM2cNYF9GjbzCKHaXQL ftXEXvUobQGL5NFpawu7INawqr9FwWIKoGn3+Xa3gz2eihZ2px+7bGO Xfdim6Yjt9oi2QWJVEHYZMuybYnUVq4/ebTLDJ+iDqZWwh+fbed+IffS dKn2nk26GT3qHT24zfB99p0rvHt7Qe/yVkEdkRTauu0fegKNLJFMy4Q4 WrHV6Ue/4HJyiFrEBz6JZYoCLz/NT54zokswyxRgg+lrULIS0U4ya7fe pwev2Wl16hkbVzm1UmevOeutKjaJbpbilypbbzHmr38j7qLDQd/+9Fhr /GX0Ha/Xpy3ZhHrZ29eWxMXdPN/f15WD9QMbstZ74X+wW3YaL/8twDN 8XPDbHMJuKxmFzDgI7ywPnDERMJqPdKDUC/f697N0yvXgCrdzlVUJxuO ApPiuJeeuFo4QQ+/q8qV+DBaDPII1pa4EZ+t4GwY+l31LxAllj1Y+v2F +8uylZ1HUV7xgr2xqPtncxi5c4zbPmSUBjxSMsrNIQsok+HVdJKzCmBl kdq6g89bMbj/yiPC99BU6IRZXuflX24lpixYP/PdJjlB73Sl1G/Twz1 x7EEehi8Aj65IecYb1krj0Ih2Plri89cjx55Jm+9MhhgeWmMm8fy/cOt p09z/vgz45y/VaiRxo4eRaMrKEz6kZ8rl8a+hHFxyt+W0PdWgdk8QqIr Z4xBYSpduGLkz5EyH08fTO07brVN+jL18/zTF/6AEpEQNEqFZkQOmazK /NTghXHMRaG+u1kNh7t7TpRvuoP6RKEhCSb1jptCHVnA2xz4Rbo8aje v5AB8xR2GzVFfygrg05v8GU/FI9EPUZbpH/iaPfilH3cRxXBtfmtzuJN dHVeWtCY18WdzUnzR7h24810NBmPJt+ON5/uD4rPR4NPB78fPBhMBnuD p4M/DQ4HJwNn8I/BD4N/Dv51d/PuN3cP7x4V0A8/KDm/HdQ+d0//C6Bf sS4=</latexit><latexit sha1_base64="WhfdL6 HX9XmJ7WXSrLsNwv05onI=">AAAcoXicpVltb9zGEb6kb4n65rRfCsQf NhXs2sHpfHeSLCmFAcOJkQawa0WWHLeiJCzJIbk4kkvtLs93Ylj0B/TX 5Gv7Rwr0x3R2yZP4ehbaE8Rb7jzP7Ozs7HCWZychk2o8/vcHH/7oxz/5 6c8++njj57/45a9+feeT37yRPBUOnDg85OKtTSWELIYTxVQIbxMBNLJ D+M6efanl381BSMbjY7VM4Cyifsw85lCFXRd37lsKFsroyVwqZlsC3Dx TDxZDckW+J5YKQNGH+cWdzfFobD6k3ZiUjc2nv7v6z8d//+HZ4cUnnzq Wy500glg5IZXydDJO1FlGhWJOCPmGlUpIqDOjPpxiM6YRyLPMGJKTe9j jEo8L/I8VMb1VRkYjKZeRjciIqkA2ZbqzS3aaKm//LGNxkiqInWIgLw2 J4kR7h7hMgKPCJTaoIxjaSpyACuoo9GFtFGPTcFEYvLFxjxhfS7Q1lr hsOG3yjqmAJCFXyHTBwxVq+ln4dp6NR/tD7Ut9meyPtw+mk93H+4+nez u7k7yDaYcpXFPH19RbMH0BENepVc74AHUYffnGvTabCxr7q5EnBf3xzt 54d39/ur07PdiZTPZL9nvI5Yx3SnTX6g1dqZd+qNuK81DWIiaTLI2ZWt Q7fUGTgDmN3igNFRP83dDmfKaoLYd4SUMqFkMv5FTVQ1EP+iTmIqKhZ FdwlsnU9pjfGB0DOgB3aAs6g7qCzINlHCVbNFW8rllyoe47PMLtKTHSY 6psZiPkEDfHq0TvRnnMD0stwTIJIJZ5loowr2pJXA837DBgrt7yMznUV +PnJ5XoGBKHKah2F0s/JKiv2q2j0DgmwjvJE4iNQsWdJzQMz7QdIAR49 TlCnEaoP8L9YzYpisRWseQuQd+GoOqbBT3ecEdGHQf3iFypsIKAqjqHz a7qlIXEFmiGaUjCYtxuUURjtxhOU0KGqyKWmGhwzeWQuOgGYZKdHOlJ stjH3kI6ijC5mc37NcQgaGiSAOpRiNqwYnhXqs8sHYM6NvLTyVlmcqZ0 ss1Jntdh2E4wXZhIzDML21bMEzTexqQ8s2zmyxlLan0xZ7GLrmhowvhk c70WxYgBLkIWKJV88eiREY248B9hND9CIwqDlMJJv2XzL7RZDW26ASvr 0Q0+pkAqMkt6Ho1YuLQkZrtE6ZDvfCAUKiuO0tkXdyWpD8OiXKtXgYg y1rTBZZ53I3abYvDzLIORNfRH+d8aMoaZI2Mog7YMLlM2p6GeHc6HRXB pDP0LxkfMSUSXNtQJS0gQibsrFaCN0d5ppkhCLCcAx2yLljMxhlzu9es oEjSqoFK1yLj00E81zkamwnnI0uWvTbDXtVxeXqYUoZb5JsVX3sJcg1a oHtgN7hpYIHH4w2ApmSNXK14n4wRWMaUCh4bZy/zCBFDH3tATr2Ff5Rc dsNAXddiLNSqF21RpheCpB5sTSzA/UA8bBFvcROCzo6a6KMEYqq+Nvt peluQXx+fFNssiJvXStMjQJD9/LwcfV/IyN9/nlkt9HzAT4k0DhjUKht vri1KZvitC4wQfgo0VgbnZBhm8aYXtSjRry6KV7GVb5q9kX7dlaiU7bs s8uxDhd3M734jOs612tkpKcdJm3ohWTHTDV1hwCWanJsuT5n7Tz/L8dF qJkj/n1mf4V0YKsSLmuiF8Tzan5DpstFoQmFkUm2MqQV3mWZMqqrho+ DxxQRQjeFgqEpP3FcMsiRFbvZu23Nck6hxZsopmm9LJOZ9WWRnSzltMr 0WEUNEVr2hPC4c+46HbveGxxzVngnqsEyMoGFlxaGitqkbEad5PQ2EHB RLJQh6v4c2pWIE6+IsGs9zRiy7sVTf2qgu77MYuu7Dzbuy8C6u6sarTX hC8Gz4uFvIlqIC7jTV0KBaV10XMl/rOKmurOlDwUNwAj/RdN1Bisbi8Q b42t/1QFvM6WHd0wx0qccdWrTX3PfY2wEcNsHmYgqOPv4RjkIruGDfh q4vesrnKu7qrlZBipU+HFM/b9aqCZJ2FVLJOg7iNBrFOg7yNBrlOg7qN hnZZU9FwdRsNf21pCDmuVcQxEd3Kj6tFMbTi0YrL+02sAIvv5oqidToN 4BexPiNFklxYf2zPYZEIrLxa0D90YlkLd8E6gbM2cNYF9GjbzCKHaXQL ftXEXvUobQGL5NFpawu7INawqr9FwWIKoGn3+Xa3gz2eihZ2px+7bGO Xfdim6Yjt9oi2QWJVEHYZMuybYnUVq4/ebTLDJ+iDqZWwh+fbed+IffS dKn2nk26GT3qHT24zfB99p0rvHt7Qe/yVkEdkRTauu0fegKNLJFMy4Q4 WrHV6Ue/4HJyiFrEBz6JZYoCLz/NT54zokswyxRgg+lrULIS0U4ya7fe pwev2Wl16hkbVzm1UmevOeutKjaJbpbilypbbzHmr38j7qLDQd/+9Fhr /GX0Ha/Xpy3ZhHrZ29eWxMXdPN/f15WD9QMbstZ74X+wW3YaL/8twDN 8XPDbHMJuKxmFzDgI7ywPnDERMJqPdKDUC/f697N0yvXgCrdzlVUJxuO ApPiuJeeuFo4QQ+/q8qV+DBaDPII1pa4EZ+t4GwY+l31LxAllj1Y+v2F +8uylZ1HUV7xgr2xqPtncxi5c4zbPmSUBjxSMsrNIQsok+HVdJKzCmBl kdq6g89bMbj/yiPC99BU6IRZXuflX24lpixYP/PdJjlB73Sl1G/Twz1 x7EEehi8Aj65IecYb1krj0Ih2Plri89cjx55Jm+9MhhgeWmMm8fy/cOt p09z/vgz45y/VaiRxo4eRaMrKEz6kZ8rl8a+hHFxyt+W0PdWgdk8QqIr Z4xBYSpduGLkz5EyH08fTO07brVN+jL18/zTF/6AEpEQNEqFZkQOmazK /NTghXHMRaG+u1kNh7t7TpRvuoP6RKEhCSb1jptCHVnA2xz4Rbo8aje v5AB8xR2GzVFfygrg05v8GU/FI9EPUZbpH/iaPfilH3cRxXBtfmtzuJN dHVeWtCY18WdzUnzR7h24810NBmPJt+ON5/uD4rPR4NPB78fPBhMBnuD p4M/DQ4HJwNn8I/BD4N/Dv51d/PuN3cP7x4V0A8/KDm/HdQ+d0//C6Bf sS4=</latexit><latexit sha1_base64="GuTW9d o3dzdd+I9ZbAmjhvNlqcg=">AAAcoXicpVltc9y2Eb6kb6n65rQfow9I NXbtzOl0d5IsKR3PZJx40szYtSpLjltR0oDkksQcSVAAeL4Tw/6C/pp+ bf9I/00XIE/i61nTnkY8EPs8i8VisVzw7CRkUo3H//no4x/9+Cc//dkn P9/4xS9/9evfPPj0t28lT4UDZw4PuXhnUwkhi+FMMRXCu0QAjewQvrd nX2v593MQkvH4VC0TuIioHzOPOVRh19WDR5aChTJ6MpeK2bYAN8/U48W Q3JAfiKUCUPRJfvVgazwamw9pNyZlY2tQfo6vPv3MsVzupBHEygmplOe TcaIuMioUc0LIN6xUQkKdGfXhHJsxjUBeZMaQnDzEHpd4XOB/rIjprTI yGkm5jGxERlQFsinTnV2y81R5hxcZi5NUQewUA3lpSBQn2jvEZQIcFS6 xQR3B0FbiBFRQR6EPa6MYm4aLwuCNjYfE+FqirbHEZcNpk/dMBSQJuU KmCx6uUNPPwrfzbDw6HGpf6svkcLx7NJ3sPz18Oj3Y25/kHUw7TOGWOr 6l3oPpC4C4Tq1yxkeow+jLNx622VzQ2F+NPCnoT/cOxvuHh9Pd/enR3m RyWLI/QC5nvFeiu1Zv6Eq99EPdVpyHshYxmWRpzNSi3ukLmgTMafRGaa iY4O+HNuczRW05xEsaUrEYeiGnqh6KetBnMRcRDSW7gYtMprbH/MboG NABuENb0BnUFWQeLOMo2aap4nXNkgv1yOERbk+JkR5TZTMbIce4OV4ne jfKU35cagmWSQCxzLNUhHlVS+J6uGGHAXP1lp/Job4aPz+rRMeQOExBt btY+iFBfdVuHYXGMRHeSZ5AbBQq7jyjYXih7QAhwKvPEeI0Qv0R7h+zS VEktosldwn6NgRV3yzo8YY7Muo4uEfkSoUVBFTVOWx2U6csJLZAM0xDE hbjdosiGrvFcJoSMlwVscREg2suh8RFNwiT7ORIT5LFPvYW0lGEyc1s 3m8hBkFDkwRQj0LUhhXD+1J9ZukY1LGRn08uMpMzpZNtTfK8DsN2gunC RGKeWdi2Yp6g8TYm5ZllM1/OWFLrizmLXXRFQxPGJ5vrtShGDHARskCp 5MudHSMaceHvYDTvoBGFQUrhpN+x+ZfarIY23YCV9egGH1MgFZklPY9G LFxaErNdonTIdz4QCpUVR+nsi7uS1IdhUa7Vq0BEGWva4DLPuxO7TTH 4eZbByBr6o/zvDRnDzJExlEFbBtcpm9NQzw7nwyK4Nob+FeMj5iSiSxv qhCUkiMTdlQrQxmjvNFMkIZYTgGO2RcuZGEMu9/p1FAkaVVCpWmRceui nGmcjU+E8ZOnyNybY61qur69TilDLfJPiK29hbkErVA/sDncLLJA4/HG wlMyRqxWvk3ECq5hSgUPD7FV+ZQKoY2/oidewr/OrDljoizrs5RqVwm2 qtELw1OOtiSWYH6gnDYIt7iLw+UlTXZRgDNXXRl9tL0vyq9PLYptlEZ N6aVpkaJJffJCDjyt5nZvvS8ulvg+YCfGmAcMaBcPtzVWpTN8VoXGGD8 HGisDcbIMM3rbCdiWatWXRSvaqLfNXsm/bMrWSnbZlnl2I8Lu5ne9El9 l2O1slpThpM+9EKya64RssuASzU5PlSXO/6Wd5fj6tRMmfc+tz/CsjhV gRc90QfiBbU3IbNlotCMwsis0xlaAu86xJFVVcNHyeuCCKETwsFYnJ+ 4phlsSIrd5NW+5rEnWOLFlFs03p5FxOq6wMaZctptciQqjoile0p4VDn /PQ7d7w2OOaM0E91okRFIysODS0VlUj4jTvp6GwgwKJZCGP1/DmVKxAH fxFg1nu6EUX9qYbe9OFXXZjl13YeTd23oVV3VjVaS8I3g0fFwv5ClTA3 cYaOhSLytsi5mt9Z5W1VR0oeCjugCf6rhsosVhc3iHfmNt+KIt5Haw7u uEOlbhjq9aa+x57G+CTBtg8TMHRx1/CMUhFd4yb8NVFb9lc5V3d1UpI sdKnQ4rn7XpVQbLOQipZp0HcR4NYp0HeR4Ncp0HdR0O7rKlouLmPhr+1 NIQc1yrimIju5cfVohha8WjF5f0uVoDFd3NF0TqdBvCLWJ+TIkkurD+2 57BIBFZeLegfOrGshbtincBZGzjrAnq0bWaRwzS6Bb9pYm96lLaARfLo tLWFXRBrWNXfomAxBdC0+3K328EeT0ULu9ePXbaxyz5s03TEdntE2yC xKgi7DBn2TbG6itVH7y6Z4RP08dRK2JPL3bxvxD76XpW+10k3wye9wyf 3Gb6Pvleldw9v6D3+SsgOWZGN6x6St+DoEsmUTLiDBWudXtR7PgenqEV swLNolhjg4ov83LkguiSzTDEGiL4VNQsh7RSjZvdDavC6u1aXnqFRtXc fVea6t966UqPoVinuqbLlNnPe6jfyESos9D36oIXGf0bf0Vp9+rJbmIe tfX15asw90M1DfTlaP5Axe60n/he7Rbfh4v8yHMP3JY/NMcymonHYnI PAzvLAOQMRk8loP0qNQL9/L3u3TS+eQCt3eZVQHC54is9KYt564SghxL 4+b+rXYAHoM0hj2lpghn64QfBj6bdUvEDWWPXjK/YX725KFnVdxTvGyr bHo919zOIlTvOseRLQWPEIC6s0hGyiT8dV0gqMqUFWxyoqT/3sxiO/KM 9L34ATYlGlu1+XvbiWWPHgf4/0FKWnvVKXUT/PzLUHcQK6GDyBPvkxZ 1gvmWsPwuFYuetLjxxPHnmmLz1yWGC5qczbx/K9g21nL/I++POTXL+V6 JEGTp4FI2vojLoRX+iXhn5E8fGK39ZQt9YBWbwCYqtnTAFhql348qwPE XIfT98Mbbtt9Q366s2LPNOXPoASEVC0SkUmhE7Z7Mb8lGDFcYyFoX47m Y1HB/tOlK/6Q7oEISHJprVOG0Ld2QDbXLgFejyq9y9kwDyF3UZN0R/K yqDTO3zZD8UjUY/RFumfONq9OGUf91FFcGt+q7N4E12dlxY05nX1YGvS /BGu3Xg7HU3Go8lfxltfHZY/0H0y+Gzw+8HjwWRwMPhq8KfB8eBs4Az+ Mfjn4F+Df29ubX63ebx5UkA//qjk/G5Q+2ye/xcse64D</latexit>
✓
<latexit sha1_ base64="uKih3q81UG5Y39UkSUDm aMgSwo0=">AAAcmHicpVltc9y2Eb 6kb6n65qTfGnWGqcaukzmd706SLa XjGY8Tj5sZu1ZlyXEjShqQXJKYAw kKAM93Ytkv/TX9mv6B/o3+kH7vAu RJfD1r2tOIB2KfZ7FYLJYLnpMwKt V4/O8PPvzBD3/045989NONn/38F7 /81Z2PP3kjeSpcOHE54+KtQyQwGs OJoorB20QAiRwG3zqzr7T82zkIS Xl8rJYJnEUkiKlPXaKw6+LOb20FC 2X0ZB4Rs22HpZBntgpBkfziztZ4N DYfq92YlI2tJ4P/fP+vwWBwePHxp 67tcTeNIFYuI1KeTsaJOsuIUNRlk G/YqYSEuDMSwCk2YxKBPMvM+Ll1F 3s8y+cC/2Nlmd4qIyORlMvIQWREV CibMt3ZJTtNlb9/ltE4SRXEbjGQn zJLcUs7xfKoAFexJTaIKyjaarkhE cRV6LraKMam4aIweGPjrmVcLNHW WOJq4bStd1SFVsK4QqYHPi5Mxb0C vDwTgZNn49H+UPtSXyb7452D6WTv 4f7D6aPdvUnewSwWpqSOr6m3YAYC IK5Tq5zxAeow+vKNu202FyQOViNP CvrD3Ufjvf396c7e9GB3Mtkv2e8h lzPeLdFdqzf0pF76oW4rzpmsRUwm aRpTtah3BoIkIXUbvVHKFBX83dDh fKaII4d4SRkRi6HPOFH1UNSDPo65 iAiT9ArOMpk6Pg0ao2NAh+ANHUF mUFeQ+bCMo2SbpIrXNUsu1D2XR7g rJUZ6TJRDHYQc4uZ4lehNKI/5Yak lXCYhxDLPUsHyqpbE83GfDkPq6Z0 +k0N9NX5+XImOoeVSBdXuYumHFuq rdusoNI6J8E7yBGKjUHH3MWHsTNs BQoBfnyPEaYT6I9w/ZpOiSGwXS+5 Z6FsGqr5Z0OMNd2TEdXGPyJUKOwy JqnPo7KpOWUhsgWaYhrRojNstikj sFcNpCqO4KmKJiQbXXA4tD90gTI 6TIz1JGgfYW0hHkc5tevM+hxgEYS YJoB6FqA07hnelekyDGIM6NvLTyV lmUqV0s61Jntdh2E4wXZhIxOSJbT vmCRrvYC6e2Q4N5Iwmtb6Y09hDVz Q0YXzSuV6LYsQQFyELlUq+fPDAiE ZcBA8wmh+gEYVBSuGk39L5l9qshj bdgJX16IYAUyARmS19n0SULW2J2S 5ROuSbzwGTqAqVFUfp7Iu70qoPQ6 Ncq1ehiDLatMGjvn8j9ppiCPIsg 5E9DEb53xoyipkjoyiDtgwuUzonT M8O50MjuDSG/gXjI+ZWRJYO1AlLS BCJuysVoI3R3mmmSMuy3RBcsy1az sQY8rjfr6NI0KiCSNUi49JDP9U4G 5kK5yFLl782wV7Xcnl5mRKE2ubbK r7yFuYatEL1wG5w18ACicMfhktJX bla8ToZJ7CKKRW6hGUv8wsTQB17Q 0+8hn2VX3TAWCDqsBdrVAqvqdJm4 Kv7WxNb0CBUnzcIjriJwKdHTXVR gjFUXxt9dfwsyS+Oz4ttlkVU6qVp kaFJfvZeDj6u5GVuvs9tjwQBYCbE mwYMaxQMt9cXpTJ9V4TGCT4EGysC c7MNMnjTCtuVaNaWRSvZy7YsWMme t2VqJTtuy3ynEOF3czvfiM6z7Xa2 Skpx0mbeiFZMdMPXWHAJ6qQmy1vN /aaf5fnptBIlf8rtz/CvjBTLjqjn MfirtTW1rsNGqwWBmUXROaYS1GWe NakiiouGzxMPRDGCj6WiZfK+opg lMWKrd9OW+5pEnSNLVtFsUzo559M qK0PaeYvpt4jAFFnxiva0cOhTzrz uDY89XnEkqMW6ZQQFY3VmaI6vEXG a99NQ2EGBRFLG4zW8ORErUAd/0WC WO3rRhb3qxl51YZfd2GUXdt6NnXd hVTdWddoLgnfDx8VCvgQVcq+xhi7 BovK6iPlK39llbVUHCs7EDfBI33U DJRaLyxvka3PbD6Uxr4N1RzfcJR J3bNVac99jbwN81ACbhym4+tRrcQ xS0R3jJnx10Vs2V3lXd7USUqz06Z DgMbteVVhZZyGVrNMgbqNBrNMgb6 NBrtOgbqOhXdZUNFzdRsN3LQ2M41 pFHBPRrfy4WhRDKx6tuLzfxAqw+G 6uKFqn0wB+WfZnVpEkF/Yf2nNYJA Irrxb0951Y2sJd0E7grA2cdQF90j azyGEa3YJfNbFXPUpbwCJ5dNrawi 4se1jV36JgMQXQtPt8p9vBPk9FC 7vbj122scs+bNN0xHZ7RNsgsSpgX YYM+6ZYXcXqo3fHmuET9P7UTujn5 zt534h99N0qfbeTboZPeodPbjN8H 323Su8e3tB7/JVYD6wV2bjurvUGX F0imZIJd7CgrdOLesfn4Ba1iAN4F s0SA1x8kZ+6Z5YuyWxTjAGir0XNQ kg7xajZeZ8avO6s1aVnaFTt3kaVu e6ut67UKLpViluqbLnNnLf6jbyHC gt9995rofGf0XewVp++7BTmYWtP Xx4acx/p5r6+HKwfyJi91hP/i92i 23DxfxmO4fuCx+YY5hDROGzOQWBn eeCcgYityWgvSo1Av3Yve7dNL55A K3d5lVAcLniKz0rLvPXCURjEgT5v 6tdgIegzSGPaWmCGvrth4cfWb6l4 gayx6sdX7C/e3ZQs4nmKd4yVbY9H O3uYxUuc5tnzJCSx4hEWVimDbKJP x1XSCoypQVbHKipP/ezGI78oz0tf g8uwqNLdr8peXEusePC/R3qM0uN eqUdJkGfm2oM4Al0MHkGf/JBTrJf MtQfhcqzc9aVHjiePPNOXHjkssNx U5u1j+d7BcbJneR/86VGu30r0SEM 3z8KRPXRH3Ygv9EvDICL4eMVve6h b64A0XgGx1TOmAJZqF7446UMwHuD pm6Jt162+QV++fpZn+tIHUCICgla pyITQMZ1dmZ8S7DiOsTDUbyez8ej Rnhvlq35GliAkJNm01ukA050NsMO FV6DHo3r/QobUV9ht1BT9TFYGnd 7gy34oHol6jLZI/8TR7sUpB7iPKo Jr81udxZvo6ry0oDGviztbk+aPcO 3Gm+loMh5N/jzeerI/KD4fDT4d/G 5wfzAZPBo8GfxxcDg4GbiDvw/+Mf h+8M/N32w+2Xy++U0B/fCDkvPrQe 2zefRfYlyt/g==</latexit><latexit sha1_ base64="sg4BK8w5ytAcXmQyQ0tW WWn7/Y0=">AAAcmHicpVltc9y2Eb 64b6n65qTfGnWGqcaukzmd706SJa fjGY8Tj5upXauy7LgRJQ1ILknMgQ QFgOc7seyX/pp+Tf9KvvSH9HsXIE /i61nTnkY8EPs8i8VisVzwnIRRqc bjf39w6wc//NGPf/LhTzd+9vNf/P JXtz/6+I3kqXDhtcsZF28dIoHRGF 4rqhi8TQSQyGHwjTP7Usu/mYOQl MfHapnAaUSCmPrUJQq7zm//1lawU EZP5hEx23ZYCnlmqxAUyc9vb41HY /Ox2o1J2dh6PPjPd99/f+tPh+cff eLaHnfTCGLlMiLlyWScqNOMCEVdB vmGnUpIiDsjAZxgMyYRyNPMjJ9bd 7DHs3wu8D9WlumtMjISSbmMHERGR IWyKdOdXbKTVPkHpxmNk1RB7BYD+ SmzFLe0UyyPCnAVW2KDuIKirZYbE kFcha6rjWJsGi4Kgzc27ljGxRJt jSWuFk7bekdVaCWMK2R64OPCVNwr wMszETh5Nh4dDLUv9WVyMN55OJ3s PTh4MN3f3ZvkHcxiYUrq+Ip6A2Yg AOI6tcoZP0QdRl++cafN5oLEwWrk SUF/sLs/3js4mO7sTR/uTiYHJfs9 5HLGuyW6a/WGntRLP9RtxTmTtYjJ JE1jqhb1zkCQJKRuozdKmaKCvxs6 nM8UceQQLykjYjH0GSeqHop60Ecx FxFhkl7CaSZTx6dBY3QM6BC8oSP IDOoKMh+WcZRsk1TxumbJhbrr8gh 3pcRIj4lyqIOQQ9wcLxO9CeUxPyy 1hMskhFjmWSpYXtWSeD7u02FIPb3 TZ3Kor8bPjyrRMbRcqqDaXSz90EJ 91W4dhcYxEd5JnkBsFCruPiKMnWo 7QAjw63OEOI1Qf4T7x2xSFIntYsk 9C33LQNU3C3q84Y6MuC7uEblSYYc hUXUOnV3WKQuJLdAM05AWjXG7RRG JvWI4TWEUV0UsMdHgmsuh5aEbhM lxcqQnSeMAewvpKNK5TW/eZxCDIM wkAdSjELVhx/CuVI9pEGNQx0Z+Mj nNTKqUbrY1yfM6DNsJpgsTiZg8sW 3HPEHjHczFM9uhgZzRpNYXcxp76I qGJoxPOtdrUYwY4iJkoVLJF/fvG9 GIi+A+RvN9NKIwSCmc9Fs6/0Kb1d CmG7CyHt0QYAokIrOl75OIsqUtMd slSod88zlgElWhsuIonX1xV1r1YW iUa/UqFFFGmzZ41PevxV5TDEGeZ TCyh8Eo/3tDRjFzZBRl0JbBRUrnh OnZ4XxoBBfG0L9ifMTcisjSgTphC QkicXelArQx2jvNFGlZthuCa7ZFy 5kYQx73+3UUCRpVEKlaZFx66KcaZ yNT4Txk6fJXJtjrWi4uLlKCUNt8W 8VX3sJcgVaoHtg17gpYIHH4w3Apq StXK14n4wRWMaVCl7DsRX5uAqhjb +iJ17Av8/MOGAtEHfZ8jUrhNVXaD Hx1b2tiCxqE6rMGwRHXEfjkqKku SjCG6mujr46fJfn58VmxzbKISr00 LTI0yU/fy8HHlbzIzfeZ7ZEgAMyE eNOAYY2C4fbqvFSm74rQeI0PwcaK wNxsgwzetMJ2JZq1ZdFK9qItC1ay Z22ZWsmO2zLfKUT43dzO16KzbLud rZJSnLSZ16IVE93wFRZcgjqpyfJW c7/pZ3l+Mq1EyZ9z+1P8KyPFsiPq eQz+Zm1Nrauw0WpBYGZRdI6pBHWZ Z02qiOKi4fPEA1GM4GOpaJm8ryh mSYzY6t205b4mUefIklU025ROztm 0ysqQdtZi+i0iMEVWvKI9LRz6hDO ve8Njj1ccCWqxbhlBwVidGZrja0S c5v00FHZQIJGU8XgNb07ECtTBXzS Y5Y5edGEvu7GXXdhlN3bZhZ13Y+d dWNWNVZ32guDd8HGxkC9AhdxrrKF LsKi8KmK+1Hd2WVvVgYIzcQ080nf dQInF4vIa+crc9kNpzOtg3dENd4 nEHVu11tz32NsAHzXA5mEKrj71Wh yDVHTHuAlfXfSWzVXe1V2thBQrfT okeMyuVxVW1llIJes0iJtoEOs0yJ tokOs0qJtoaJc1FQ2XN9HwbUsD47 hWEcdEdCM/rhbF0IpHKy7v17ECLL 6bK4rW6TSAX5b9qVUkyYX9h/YcFo nAyqsF/X0nlrZw57QTOGsDZ11An7 TNLHKYRrfgl03sZY/SFrBIHp22tr ALyx5W9bcoWEwBNO0+2+l2sM9T0 cLu9mOXbeyyD9s0HbHdHtE2SKwKW Jchw74pVlex+ujdsWb4BL03tRP62 dlO3jdiH323St/tpJvhk97hk5sM3 0ffrdK7hzf0Hn8l1n1rRTauu2O9A VeXSKZkwh0saOv0ot7xObhFLeIAn kWzxAAXn+cn7qmlSzLbFGOA6CtRs xDSTjFqdt6nBq87a3XpGRpVuzdRZ a67660rNYpuleKGKltuM+etfiPvo sJC3933Wmj8Z/Q9XKtPX3YK87C1 py8PjLn7unmgLw/XD2TMXuuJ/8Vu 0W24+L8Mx/B9zmNzDHOIaBw25yCw szxwzkDE1mS0F6VGoF+7l73bphdP oJW7vEooDhc8xWelZd564SgM4kCf N/VrsBD0GaQxbS0wQ9/ZsPBj67dU vEDWWPXjK/YX725KFvE8xTvGyrbH o509zOIlTvPseRKSWPEIC6uUQTbR p+MqaQXG1CCrYxWVp35245FflOel r8BlWFTp7pdlL64lVjz43yM9Rul xr9SjJMgzc+1BHIEuBo+gT37IKdZ L5tqDcDlW7vrSI8eTR57pS48cFlh uKvP2sXzv4DjZ07wP/uQo128leqS hm2fhyB66o27E5/qlYRARfLzitz3 UrXVAGq+A2OoZUwBLtQufv+5DMB7 g6ZuibVetvkFfvHqaZ/rSB1AiAoJ WqciE0DGdXZqfEuw4jrEw1G8ns/F of8+N8lU/I0sQEpJsWut0gOnOBtj hwivQ41G9fyFD6ivsNmqKfiYrg0 6v8WU/FI9EPUZbpH/iaPfilAPcRx XBlfmtzuJNdHVeWtCY1/ntrUnzR7 h24810NBmPJn8Zbz0+GBSfDwefDH 43uDeYDPYHjwd/HBwOXg/cwT8G/x x8N/jX5m82H28+2/y6gN76oOT8el D7bB79FxQTrzM=</latexit><latexit sha1_ base64="sg4BK8w5ytAcXmQyQ0tW WWn7/Y0=">AAAcmHicpVltc9y2Eb 64b6n65qTfGnWGqcaukzmd706SJa fjGY8Tj5upXauy7LgRJQ1ILknMgQ QFgOc7seyX/pp+Tf9KvvSH9HsXIE /i61nTnkY8EPs8i8VisVzwnIRRqc bjf39w6wc//NGPf/LhTzd+9vNf/P JXtz/6+I3kqXDhtcsZF28dIoHRGF 4rqhi8TQSQyGHwjTP7Usu/mYOQl MfHapnAaUSCmPrUJQq7zm//1lawU EZP5hEx23ZYCnlmqxAUyc9vb41HY /Ox2o1J2dh6PPjPd99/f+tPh+cff eLaHnfTCGLlMiLlyWScqNOMCEVdB vmGnUpIiDsjAZxgMyYRyNPMjJ9bd 7DHs3wu8D9WlumtMjISSbmMHERGR IWyKdOdXbKTVPkHpxmNk1RB7BYD+ SmzFLe0UyyPCnAVW2KDuIKirZYbE kFcha6rjWJsGi4Kgzc27ljGxRJt jSWuFk7bekdVaCWMK2R64OPCVNwr wMszETh5Nh4dDLUv9WVyMN55OJ3s PTh4MN3f3ZvkHcxiYUrq+Ip6A2Yg AOI6tcoZP0QdRl++cafN5oLEwWrk SUF/sLs/3js4mO7sTR/uTiYHJfs9 5HLGuyW6a/WGntRLP9RtxTmTtYjJ JE1jqhb1zkCQJKRuozdKmaKCvxs6 nM8UceQQLykjYjH0GSeqHop60Ecx FxFhkl7CaSZTx6dBY3QM6BC8oSP IDOoKMh+WcZRsk1TxumbJhbrr8gh 3pcRIj4lyqIOQQ9wcLxO9CeUxPyy 1hMskhFjmWSpYXtWSeD7u02FIPb3 TZ3Kor8bPjyrRMbRcqqDaXSz90EJ 91W4dhcYxEd5JnkBsFCruPiKMnWo 7QAjw63OEOI1Qf4T7x2xSFIntYsk 9C33LQNU3C3q84Y6MuC7uEblSYYc hUXUOnV3WKQuJLdAM05AWjXG7RRG JvWI4TWEUV0UsMdHgmsuh5aEbhM lxcqQnSeMAewvpKNK5TW/eZxCDIM wkAdSjELVhx/CuVI9pEGNQx0Z+Mj nNTKqUbrY1yfM6DNsJpgsTiZg8sW 3HPEHjHczFM9uhgZzRpNYXcxp76I qGJoxPOtdrUYwY4iJkoVLJF/fvG9 GIi+A+RvN9NKIwSCmc9Fs6/0Kb1d CmG7CyHt0QYAokIrOl75OIsqUtMd slSod88zlgElWhsuIonX1xV1r1YW iUa/UqFFFGmzZ41PevxV5TDEGeZ TCyh8Eo/3tDRjFzZBRl0JbBRUrnh OnZ4XxoBBfG0L9ifMTcisjSgTphC QkicXelArQx2jvNFGlZthuCa7ZFy 5kYQx73+3UUCRpVEKlaZFx66KcaZ yNT4Txk6fJXJtjrWi4uLlKCUNt8W 8VX3sJcgVaoHtg17gpYIHH4w3Apq StXK14n4wRWMaVCl7DsRX5uAqhjb +iJ17Av8/MOGAtEHfZ8jUrhNVXaD Hx1b2tiCxqE6rMGwRHXEfjkqKku SjCG6mujr46fJfn58VmxzbKISr00 LTI0yU/fy8HHlbzIzfeZ7ZEgAMyE eNOAYY2C4fbqvFSm74rQeI0PwcaK wNxsgwzetMJ2JZq1ZdFK9qItC1ay Z22ZWsmO2zLfKUT43dzO16KzbLud rZJSnLSZ16IVE93wFRZcgjqpyfJW c7/pZ3l+Mq1EyZ9z+1P8KyPFsiPq eQz+Zm1Nrauw0WpBYGZRdI6pBHWZ Z02qiOKi4fPEA1GM4GOpaJm8ryh mSYzY6t205b4mUefIklU025ROztm 0ysqQdtZi+i0iMEVWvKI9LRz6hDO ve8Njj1ccCWqxbhlBwVidGZrja0S c5v00FHZQIJGU8XgNb07ECtTBXzS Y5Y5edGEvu7GXXdhlN3bZhZ13Y+d dWNWNVZ32guDd8HGxkC9AhdxrrKF LsKi8KmK+1Hd2WVvVgYIzcQ080nf dQInF4vIa+crc9kNpzOtg3dENd4 nEHVu11tz32NsAHzXA5mEKrj71Wh yDVHTHuAlfXfSWzVXe1V2thBQrfT okeMyuVxVW1llIJes0iJtoEOs0yJ tokOs0qJtoaJc1FQ2XN9HwbUsD47 hWEcdEdCM/rhbF0IpHKy7v17ECLL 6bK4rW6TSAX5b9qVUkyYX9h/YcFo nAyqsF/X0nlrZw57QTOGsDZ11An7 TNLHKYRrfgl03sZY/SFrBIHp22tr ALyx5W9bcoWEwBNO0+2+l2sM9T0 cLu9mOXbeyyD9s0HbHdHtE2SKwKW Jchw74pVlex+ujdsWb4BL03tRP62 dlO3jdiH323St/tpJvhk97hk5sM3 0ffrdK7hzf0Hn8l1n1rRTauu2O9A VeXSKZkwh0saOv0ot7xObhFLeIAn kWzxAAXn+cn7qmlSzLbFGOA6CtRs xDSTjFqdt6nBq87a3XpGRpVuzdRZ a67660rNYpuleKGKltuM+etfiPvo sJC3933Wmj8Z/Q9XKtPX3YK87C1 py8PjLn7unmgLw/XD2TMXuuJ/8Vu 0W24+L8Mx/B9zmNzDHOIaBw25yCw szxwzkDE1mS0F6VGoF+7l73bphdP oJW7vEooDhc8xWelZd564SgM4kCf N/VrsBD0GaQxbS0wQ9/ZsPBj67dU vEDWWPXjK/YX725KFvE8xTvGyrbH o509zOIlTvPseRKSWPEIC6uUQTbR p+MqaQXG1CCrYxWVp35245FflOel r8BlWFTp7pdlL64lVjz43yM9Rul xr9SjJMgzc+1BHIEuBo+gT37IKdZ L5tqDcDlW7vrSI8eTR57pS48cFlh uKvP2sXzv4DjZ07wP/uQo128leqS hm2fhyB66o27E5/qlYRARfLzitz3 UrXVAGq+A2OoZUwBLtQufv+5DMB7 g6ZuibVetvkFfvHqaZ/rSB1AiAoJ WqciE0DGdXZqfEuw4jrEw1G8ns/F of8+N8lU/I0sQEpJsWut0gOnOBtj hwivQ41G9fyFD6ivsNmqKfiYrg0 6v8WU/FI9EPUZbpH/iaPfilAPcRx XBlfmtzuJNdHVeWtCY1/ntrUnzR7 h24810NBmPJn8Zbz0+GBSfDwefDH 43uDeYDPYHjwd/HBwOXg/cwT8G/x x8N/jX5m82H28+2/y6gN76oOT8el D7bB79FxQTrzM=</latexit><latexit sha1_ base64="cLB/gHcLXKsvdN1Ss3kT uhimZm0=">AAAcmHicpVltc9u4Ed Zd367uW6791ktnePU4zd3IiiTLiX 2dzGRyl0lvJml8jpNLa9oekFySGI EEDYCKZJb90l/Tr+2v6b/pAqRsvi qeVh5TIPZ5FovFYrmgnIRRqcbj/3 z08Q9++KMf/+STn2797Oe/+OWv7n z667eSp8KFNy5nXLxziARGY3ijqG LwLhFAIofB9878ay3/fgFCUh6fq FUCZxEJYupTlyjsurjzO1vBUhk9m UfEfNdhKeSZrUJQJL+4sz0ejc3Ha jcmZWN7UH6OLj79zLU97qYRxMplR MrTyThRZxkRiroM8i07lZAQd04CO MVmTCKQZ5kZP7d2sMezfC7wP1aW6 a0yMhJJuYocREZEhbIp051dstNU+ QdnGY2TVEHsFgP5KbMUt7RTLI8Kc BVbYYO4gqKtlhsSQVyFrquNYmwaL guDt7Z2LONiibbGElcLp229pyq0 EsYVMj3wcWEq7hXg5ZkInDwbjw6G 2pf6MjkY7x1OJ/sPDx5OH832J3kH s1iYkjq+pt6CGQiAuE6tcsaHqMPo y7d22mwuSBysR54U9IezR+P9g4Pp 3v70cDaZHJTsD5DLGc9KdNfqDT2p l36o24pzJmsRk0maxlQt652BIElI 3UZvlDJFBX8/dDifK+LIIV5SRsRy 6DNOVD0U9aCPYy4iwiS9grNMpo5P g8boGNAheENHkDnUFWQ+rOIo2SW p4nXNkgt1z+UR7kqJkR4T5VAHIUe 4OV4lehPKE35UaglXSQixzLNUsLy qJfF83KfDkHp6p8/lUF+Nnx9XomN ouVRBtbtY+qGF+qrdOgqNYyK8kzy B2ChU3H1MGDvTdoAQ4NfnCHEaof4 I94/ZpCgSu8WSexb6loGqbxb0eMM dGXFd3CNyrcIOQ6LqHDq/qlOWElu gGaYhLRrjdosiEnvFcJrCKK6KWGG iwTWXQ8tDNwiT4+RIT5LGAfYW0l Gkc5vevM8hBkGYSQKoRyFqy47hfa ke0yDGoI6N/HRylplUKd1se5LndR i2E0wXJhIxeWLbjnmCxjuYi+e2Qw M5p0mtL+Y09tAVDU0Yn3Sh16IYMc RFyEKlkq8ePDCiERfBA4zmB2hEYZ BSOOl3dPGVNquhTTdgbT26IcAUSE RmS98nEWUrW2K2S5QO+eZzwCSqQm XFUTr74q606sPQKNfqVSiijDZt8K jv34i9phiCPMtgZA+DUf73hoxi5 sgoyqAtg8uULgjTs8P50AgujaF/w fiIuRWRlQN1wgoSROLuSgVoY7R3m inSsmw3BNdsi5YzMYY87vfrKBI0q iBStci49NBPNc5GpsJ5yNLlr02w1 7VcXl6mBKG2+baKr7yFuQatUT2wG 9w1sEDi8EfhSlJXrle8TsYJrGNKh S5h2cv8wgRQx97QE69hX+UXHTAWi DrsxQaVwmuqtBn46v72xBY0CNUXD YIjbiLw6XFTXZRgDNXXRl8dP0vy i5PzYptlEZV6aVpkaJKffZCDjyt5 mZvvc9sjQQCYCfGmAcMaBcPt9UWp TN8VofEGH4KNFYGF2QYZvG2F7Vo0 b8uitexlWxasZc/bMrWWnbRlvlOI 8Lu5nW9E59luO1slpThpM29Eaya6 4RssuAR1UpPlreZ+08/y/HRaiZI/ 5/bn+FdGimVH1PMY/M3anlrXYaPV gsDMougCUwnqMs+aVBHFRcPniQei GMHHUtEyeV9RzJIYsdW7act9TaL OkSWraLYpnZzzaZWVIe28xfRbRGC KrHlFe1o49ClnXveGxx6vOBLUYt0 ygoKxPjM0x9eIOM37aSjsoEAiKeP xBt6CiDWog79sMMsdvezCXnVjr7q wq27sqgu76MYuurCqG6s67QXBu+H jYiFfggq511hDl2BReV3EfK3v7LK 2qgMFZ+IGeKzvuoESi8XVDfK1ue2 H0pjXwbqjG+4SiTu2aq2577G3AT 5ugM3DFFx96rU4BqnojnETvrroLZ vrvKu7WgkpVvp0SPCYXa8qrKyzkE o2aRC30SA2aZC30SA3aVC30dAuay oarm6j4a8tDYzjWkUcE9Gt/LheFE MrHq24vN/GCrD4bq4oWqfTAH5Z9u dWkSSX9h/bc1gmAiuvFvQPnVjawl 3QTuC8DZx3AX3SNrPIYRrdgl81sV c9SlvAInl02trCLi17WNXfomAxBd C0+3yv28E+T0ULO+vHrtrYVR+2a Tpiuz2ibZBYFbAuQ4Z9U6yuYvXRu 2fN8Ql6f2on9IvzvbxvxD76rEqfd dLN8Env8Mlthu+jz6r07uENvcdfi fXAWpON63ast+DqEsmUTLiDBW2dX tR7vgC3qEUcwLNolhjg8sv81D2zd Elmm2IMEH0tahZC2ilGzd6H1OB1b 6MuPUOjanYbVeY622xdqVF0qxS3V Nlymzlv9Rt5DxUW+u590ELjP6Pvc KM+fdkrzMPWvr48NOY+0s0DfTnc PJAxe6Mn/he7Rbfh4v8yHMP3BY/N McwhonHYXIDAzvLAOQcRW5PRfpQa gX7tXvbuml48gVbu8iqhOFzwFJ+V lnnrhaMwiAN93tSvwULQZ5DGtLXA DL2zZeHH1m+peIGsserHV+wv3t2U LOJ5ineMle2OR3v7mMVLnObZiyQk seIRFlYpg2yiT8dV0hqMqUFWxyoq T/3sxiO/KM9L34DLsKjS3a/KXlxL rHjwv0d6gtKTXqlHSZBn5tqDOAZ dDB5Dn/yIU6yXzLUH4XKs3PWlR44 njzzTlx45LLHcVObtY/newXGyZ3k f/Olxrt9K9EhDN8/CkT10R92IL/V LwyAi+HjFb3uoW5uANF4DsdUzpgC Wahe+eNOHYDzA0zdF265bfYO+fP0 sz/SlD6BEBAStUpEJoRM6vzI/Jdh xHGNhqN9OZuPRo303ytf9jKxASEi yaa3TAaY7G2CHC69Aj0f1/qUMqa+ w26gp+pmsDDq9wZf9UDwS9Rhtkf 6Jo92LUw5wH1UE1+a3Oos30dV5aU FjXhd3tifNH+HajbfT0WQ8mnw33n 5yUP5A98ngs8HvB/cHk8GjwZPBnw ZHgzcDd/CPwT8H/xr8++5v7z65+/ zutwX0449Kzm8Gtc/d4/8CUMSrVw ==</latexit>
argmin
g
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Figure 1: Schematic overview of the techniques presented in this Letter.2
of two integrals). However, in Ref. [22] we show that they can be used to define functionals Lr[g]
and Lt[g] that are extremized by the likelihood ratio
r(x|θ0, θ1) ≡ p(x|θ0)
p(x|θ1) = arg ming Lr[g] (4)
and the score
t(x|θ0) ≡ ∇θ log p(x|θ)
∣∣∣∣∣
θ0
= arg min
g
Lt[g] , (5)
respectively.
We implement this approach through machine learning, approximating the functionals Lr[g] and
Lt[g] through suitable loss functions based on data available from the simulator, see Fig. 1. The
extremization of the loss functional is estimated by training a deep neural network using stochastic
gradient descent on the network’s parameters.
Based on this idea, we define the Rascal1 technique that uses both pieces of information – the
joint likelihood ratio and the joint score – simultaneously to train an estimator rˆ(x|θ0, θ1) for the
likelihood ratio. This approach is essentially a machine-learning version of the Matrix Element
Method. It replaces computationally expensive numerical integrals with an upfront regression
phase, after which the likelihood ratio can be evaluated in microseconds per event and parameter
point. Instead of manually specifying simplified smearing functions, the effect of parton shower and
detector is learned from full simulations. By using all available information from the simulator, this
estimator maximizes the fidelity of the likelihood ratio estimation (and therefore the precision of
measurements), at the cost of a somewhat complex architecture.
Local approximation
In the neighborhood of the Standard Model (or any other reference point), we can approximate
the score t(x|θ) as independent of θ, and Eq. (5) is solved by
plocal(x|θ) = 1
Z(θ)
p(t(x|θSM ) | θSM ) exp[t(x|θSM ) · (θ − θSM )] (6)
1 Ratio and score approximate likelihood ratio
2 Parts of the figure are based on Ref. [25] and on an image created by Frank Krauss.
4with a normalisation factor Z(θ).
This local model is in the exponential family and t(x|θSM ) are the sufficient statistics. A
precise score estimator tˆ(x|θSM ) therefore defines a vector of summary statistics that contain all
the information in an observation on θ,3 at least in the proximity of the Standard Model. The
estimated score is essentially a machine-learning version of Optimal Observables.
In the companion paper, we construct an estimator for the score based on the availability of the
joint score from the simulator discussed above, again realized as a neural network. This is the basis
of the new Sally4 method to estimate likelihood ratios.
In fact, this dimensionality reduction can be taken one step further. The scalar product
hˆ(x|θ0, θ1) ≡ tˆ(x|θSM ) · (θ0 − θ1) (7)
encapsulates all the discrimination power between θ0 and θ1, at least in the local model approximation.
This allows us to compress high-dimensional observations to a single scalar function without losing
any sensitivity, even for hundreds of theory parameters. In Ref. [21] we define the Sallino5
technique for likelihood ratio estimation based on this dimensionality reduction.
By construction, the Sally and Sallino techniques work very well close to the Standard Model.
While the local model approximation may deteriorate far away from the Standard Model, the effect
of this approximation error is reduced sensitivity and weaker bounds— it does not lead to overly
optimistic results. These approaches are simple and robust, and in particular the Sallino method
scales exceptionally well to high-dimensional parameter spaces.
EXAMPLE PROCESS
We demonstrate these two methods by calculating expected SMEFT constraints based on the
kinematics of Higgs production in weak boson fusion in the four-lepton mode. This process is
particularly sensitive to two operators [1, 2]
L = LSM + fW
Λ2
ig
2
(Dµφ)† σaDνφ W aµν −
fWW
Λ2
g2
4
(φ†φ) W aµνW
µν a . (8)
We generate event samples using a combination of MadGraph 5 [27] and its add-on MadMax [28–
30]. In order to be able to assess the performance of our methods, we use an idealized setup in
which the momenta of the partons can be measured exactly, so that we can compare the results to
the true likelihood ratio. In Ref. [21] we describe the setup in more detail and show results for a
more realistic simulation.
In the left panel of Fig. 2 we show the approximate likelihood ratio estimated with the Rascal
method for one particular slice through parameter space. We also show the likelihood ratio based
on a traditional histogram-based analysis of two particularly powerful kinematic variables, the
transverse momentum of the hardest jet and the azimuthal angle between the two jets [1, 2]. The
new method clearly enables stronger exclusion limits, equivalent to a 16% larger reach in the new
physics scale or 90% more collected data in this particular parameter region.
The right panel of Fig. 2 shows expected constraints on the two operators after 36 observed
events with the Rascal and Sally methods based on the Neyman construction. The results for
Sallino are very similar to those for Sally. The Rascal limits are virtually indistinguishable
from the true likelihood contours. Sally and Sallino lead to nearly optimal bounds close to
the Standard Model, slightly weaker constraints at the 95% CL level show the breakdown of the
local model approximation. All new techniques let us impose significantly tighter bounds on the
parameters than the doubly differential histogram analysis.
3 Independently, the role of the score was studied for cosmological data [26].
4 Score approximates likelihood locally
5 Score approximates likelihood locally in one direction
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Figure 2: Left: Estimated expected likelihood ratio based on a traditional doubly differential
histogram analysis (orange dotted) and the new Rascal technique (red dashed). We show a line in
parameter space with particularly large difference between the methods. The grey dotted line
marks the expected exclusion limit at 95% CL according to asymptotics. The vertical arrow shows
how much more data the histogram approach requires to constrain the same parameter point with
the same significance. The horizontal arrow demonstrates the increased physics reach of the
machine-learning-based method. Right: Expected exclusion contours at 68% CL (innermost lines),
95% CL, and 99.7% CL (outermost lines) based on the Neyman construction. In both panels, we
assume 36 observed events and the SM to be true.
CONCLUSIONS
We have developed new analysis techniques to constrain effective field theories in LHC experiments.
Exploiting the particular structure of particle physics processes, we extract additional information
from Monte-Carlo simulations. This augmented data can be used to train neural networks that
estimate arbitrary likelihood ratios for use in limit setting procedures.
We have introduced the Rascal technique, which leverages this extended information to define
likelihood ratio estimators of particularly high fidelity. In an example analysis of weak-boson-fusion
Higgs production, this technique lets us put significantly stronger constraints on two dimension-
six operators, leading to expected exclusion limits that are virtually indistinguishable from the
theoretical optimum.
In the neighborhood of the Standard Model, any observation can be condensed into a low-
dimensional vector, the score, without loss of sensitivity. This motivates a second approach, which
we call Sally. Simpler to implement, it scales very well to high-dimensional parameter spaces. We
have demonstrated that it performs very well close to the Standard Model, and leads to only slightly
weaker constraints further away.
Both approaches scale well to large-scale LHC analyses with many observables and high-
dimensional parameter spaces. Though the new methods are particularly well-suited to the SMEFT,
they can be applied more generally. They do not require any approximations of the hard process,
6parton shower, or detector effects, and the likelihood ratio can be evaluated in microseconds. Given
their performance, scalability, and practicality, these techniques have the potential to substantially
improve the LHC legacy measurements.
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